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[Reprinted from the Journal of the American Chemical Society 
Vol. XXIX, No. 4, April. 1907.] 

PAPERS ON SMELTER SMOKE. 

(first paper) 

The Determination of Arsenic and Other Solid Constituents of Smelter Smoke, with a 

Study of the Effects of High Stacks and Large Condensing Flues. 

By W. D. Harkins and R. E. Swain. 
Received May 2, 1907. 

The determination of the constituents of smelter smoke is important 
for two reasons : many of the constituents have considerable commercial 
value, while a large number are poisonous in varying degrees to plant 
and animal life. Under the first class will come sulphur dioxide, sul- 
phuric acid, copper, lead, zinc, arsenic, antimony, and certain other 
substances. It will be seen that these same substances belong in some 
degree to ihe second class as well, so that the solution of the problem 
of recovering the economic values from the smoke will also solve the 
problem of lessening or preventing its injurious action. 

It will be the purpose of a series of articles, of which this is the first, 
to point out the chemical facts which make the solution of these problems 
so essential to the welfare of many extensive districts in the west, as well 
as to some in. the east and south of our country. The work which led to 
the publication of this special article, was the estimation of the amount 
of arsenic expelled from the greatest of the world's smelters — a plant 
which has a capacity of ten thousand tons of ore per day, and the out- 
put of which for 1906 was estimated as eleven and one half per cent, 
of the world's production of copper. Compare with this the Freiburg 
smelters at the time of the work of Haubner'^, Sussdorf^, Freytag', tak- 
ing the date 1870. At this time the two smelters, the Miilden and Hals- 
bracken, treated daily about seventy tons of ore. According to Haselhoff 
and Lindau', all the smelters of the Lower Hartz use annually only 
sixty-three thousand tons, this being the amount for the year 1899. In 
this country, the Garfield Beach smelter, Utah, is to be enlarged to a 
capacity of eight thousand tons per day, while the Great Falls, Mon- 
tana, smelter has now a capacity of three thousand five hundred tons 

' Haubner, Die durch Hiittenrauch veranlassten Krankheiten des Rindviehes 
im Hiittenrauchsbezirke der Freiberger Hiitten (Arch. f. wiss. u. prakt. Tierheilk. 
1878, 4, 97-136; 241-260.) 

^ Sussrtorf, AUg. Deut. Naturhist. Ztg., Hamburg, I (1855), No. 3, 97. 

^ Freyta.!;, M., Jahrb. f. d. Berg-u. Huttenwe.seii itn Konigr, Sachsen auf das 
Jahr. 1873, Abh. 3. , (1- c. 1875, Abh. 3). 

* Haselhoff' uiid Lindau, Raiich-Beschadigung, p. 147. 



SMELTER SMOKE 97 1 

per day, and will soon be made much larger. In Nevada, the Ely 
smelter is to treat from ten to twenty thousand tons of ore per day. 
Many other great plants could be named, but these examples are suf- 
ficient to show that the problem of injury by smoke is a much more 
important one in this country than it is in Germany, at least in so far as 
the magnitude of the smelting operations themselves is concerned. 

During the last few years there have been numerous complaints from 
smelter districts, that the trees and grass are not only injured in their 
growth by the sulphur dioxide and sulphuric acid of the smoke, but in 
some way the grass is also rendered poisonous for horses and stock, 
probably as the result of the deposition of mineral poisons. This calls 
to mind the investigations made in Germany in the year 1849 '^Y Stock- 
hardt,' and in 1853 by Stockhardt aud Frange,' who decided that the 
poisoning caused by smelter smoke was due to the action of lead. How- 
ever, the later investigations of Sussdorff and Haubner, as referred to 
above, show conclusively that the principal damage was caused by ar- 
senic, and not by lead. 

The investigations which led to the publication of this series of articles 
on smelter smoke, were begun by one of us (Harkins) in the year 1902, 
about ten months after the completion of the smelter. The smoke 
and the grasses of the district were found to contain considerable ar- 
senic, while small quantities of this element were found in the organs 
of herbivorous animals living in the vicinity of the smelter. For many 
years previous the ore had been treated in a plant which cost in all about 
six million dollars, but in January 1902 this was abandoned for the pres- 
ent smelter, in order to reduce the cost of smelting by the adoption of 
improved methods. The stone and brick settling flues, which in the old 
works served to carry the smoke to the tops of the hills upon which 
the stacks were built, were in the new works replaced by large condensing 
chambers of brick. These chambers averaged about forty feet wide, 
forty feet high, and two hundred and sixty feet long; but the volume 
utilized in settling the flue dust was somewhat less than this, since ten 
feet of the height was taken up at the bottom by a passageway for the 
cars that carry the dust to the reverberatory furnaces. The volume of 
each chamber was therefore about three hundred thousand cubic feet. One 
was attached to the roaster building, one to the blast, and one to 
the converters, and each was provided with a separate steel 
stack, twenty-two feet in internal diameter, and two hundred 
twenty-five feet high. The smoke from the reverberatory furnaces was 
discharged directly into a stack of the same dimensions. 

Whether or not the settling chambers were less effective than the 
long flues of the old works, is very difficult to say ; but it certainly is 
' Opinion transmitted to the Royal Mini.sler of the Interior, 1854. 
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a fact, that during the year after the erection of the new works the loss 
of animals in the valley became very much greater than before. This 
was due in part to a difference in the location of the smelters, since the 
new smelter was built closer to the valley lands, and in such a position 
that the prevailing winds carried more of the smoke across the farms 
of the district. Even if it is possible that some of the increased poison- 
ous action of the fields upon the animals was due to a difference in the 
composition of the smoke, owing to a change in the methods of smelting, 
still it is certain that much valuable material, somewhat poisonous, was 
thrown out by the old works. The ground surrounding them became so 
rich in copper that a very large amount of this metal was obtained by 
smelting the top soil of a considerable area. 

As a result of the operation of the new smelter, the losses of stock in 
the valley during the year 1902 were so heavy, and the hay and grass, on 
analysis, showed so much arsenic, that a great system of flues was built 
in order to settle the copper, and to condense the arsenic trioxide. The 
latter escaped in large quantities as a gas, especially from the blast and 
McDougall roasting furnaces. The system of flues built at this time, 
is the largest in the world, and a study of its effects in settling different 
compounds presents many interesting chemical problems, only a few 
of which can be touched upon here. 

This first set of flues joins all the furnaces to one great flue, the smoke 
from three of the buildings passing through the settling chambers before 
entering the flues at all. Of the connecting flues the blast furnace flue 
is 1653 feet in length; the reverberatory flue, 842 feet; the roaster flue, 
488 feet ; and all are twenty feet wide and twenty feet high. The converter 
;lue is at present 703 feet long, 18 feet wide, and 10 feet high. All these 
join in one great flue, and for twelve hundred feet this is sixty feet in 
width, with twenty foot side walls. The bottom slopes down on both 
sides to hoppers in the middle, which open into cars underneath. It is 
36 feet from the top of the flue to the bottom of the excavation, and the 
area of the cross section of this portion is 1600 square feet. Above this 
there are two parallel sections, each 1000 feet long, and of the same 
dimensions as the single flue, making a double flue, 120 feet wide, with 
a cross section of 3200 square feet. 

The volume of the original settling chambers is about 900,000 cubic 
feet, while that added in 1903, in the form of new flues, is about 6,000,000 
cubic feet, making the volume available for settling the solids of the smoke 
practically seven and one half times as great as before. In order to cool 
the gases, the 120 foot flue is covered with a roof made of thin pieces 
of sheet steel, supported by I beams underneath. This flue lies on a 
steep mountain side, and ends at the top in a big stack, 31.33 feet in inter- 
nal diameter, 44.5 feet external diameter at the bottom, 30 feet internal 



SMELTER SMOKE 973 

diameter at the top, and three hundred feet high. The smoke is admitted 
to the stack by two openings on opposite sides, each 12.5 feet wide by 
34-5 feet high. The elevation of the top of the stack is 6,i86 feet, and 
of the reverberatory furnaces, 5442 feet, or a difference of seven hun- 
dred feet. The top of the stack is eleven hundred feet above the valley 
below. 

The great flues and stack were built in order to settle the arsenic and 
copper, and to prevent the damage to the forests and crops from the 
sulphur dioxide of the smoke. After a year and a half of operation, it 
was claimed by the smelter company that these results were accomplish- 
ed, and that practically all of the arsenic was deposited in the flue and 
chambers, while the stack raised the smoke to such a height that the 
sulphur dioxide did little damage to vegetation. The farmers of the 
district asserted on the other hand, that their animals were poisoned, and 
their crops damaged in the same way as before, though the distribution 
of the damage was somewhat different. 

The velocity determinations and analyses of smoke which follow, and 
the more recent of the investigations in regard to the crops and animals, 
as given in the later papers, were undertaken to determine the real 
efficiency of this flue and stack. 

The Determination of Velocity. — In sampling and analyzing smoke, 
among the most difficult problems is one which may seem to belong to 
the engineer, but which, our experience has shown, cannot be left to the 
ordinary man in this profession. Since the results of his analyses depend 
entirely for their calculation upon the volume of the smoke given off, 
it becomes the duty of the chemist to make these volume or velocity 
measurements 

In the determination of the velocity of moving gases there are only 
two methods which have any claim to accuracy. These are the deter- 
mination by the Pitot tube, and that by the ordinary wheel anemometer. 
A method much used by smelter men consists in releasing a piece of 
charred paper, and noting the time which it takes to rise to the top of the 
stack. This is manifestly a very crude method, and is not applicable in 
the case of very large stacks, since it is impossible to see the charred 
paper when it first leaves the top of the stack. Another method some- 
times used is to obtain the difference in pressure between the outside 
and the inside of the chimney. 

The Pitot tube was devised by Pitot ^ in 1732, and was used for the 
determination of the velocity of water. It consisted of an L tube with 
the ends of the two arms open, but with the horizontal arm drawn down 
to a small opening. When turned with the horizontal arm pointing up 
stream, the impact of the stream on its mouth balanced a column of 
1 Pitot, Histoire de I'Acadeniie des Sciences {1732), P- 376- 
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water in the vertical arm of a height equal to the square of the velocity 
divided by twice the coefficient of gravity. When the plane of the mouth 
of the tube was placed parallel to the motion of the stream, the level of 
the water inside and outside the stream was practically the same. When 
two tubes are placed thus at right angles with each other and connected 
with a differential manometer in which the liquid is the same as the mov- 
ing liquid, the difference of level in the two arms of the manometer is 

the same as that given above, or A = — . An instrument of this 

2g 

kind was devised by Darcy, and is known as a Darcy gauge, or a modi- 
fied Pitot tube. 

The principiEof the Pitot tube was developed from the proposition 
of Toricelli' by Daniel Bernoulli^ who used as a basis of his development 
the principle of the conservatio viriiun vivarum. He proved that in a 
steady stream of a frictionless liquid, loss of energy of motion is ac- 
companied by an equivalent gain of head, and gain of motion energy by 
an equivalent loss of head. The head may be in the form of elevation of 
the liqtiid or of pressure, or of both combined. In other words, when 
kinetic energy is converted into potential, or potential into kinetic, the 
loss of kinetic energy is accompanied by an equal gain in potential 
energy, and the gain of kinetic energy by an equal loss of potential 
energy. Expressed in symbols : 

mgh = \ mv' 
or 

V = y Igll 

This is the last formula of the Pitot tube, and is the same as the well 
known formula for the efflux of liquids. 

Although there has been considerable dispute as to the practical for- 
mula of the Pitot tube, the experiments of Darcy, and also of most of the 
modern writers, show that in the formula v=^ c \/ 2gh the factor c is unity 
within the limits of experimental error, where the tube is of the proper 
construction. This is the view expressed by Freeman', White,* 1- 

iams,° Robinson,'' and Gregory,' in recent articles upon this subject. 
The Pitot tube, when properly constructed, has proved an accurate in- 
strument for the measurement of the velocity of either gases or liquids 
when the velocities are not too low. Nearly all the early applications of 
^ Joricelli, De Motu gravium Projectorum (1643). 

' Bernoulli, Hydronamica (173S). 

' Freeman, J. R., Trans. Am. Soc. Civil Engineers, 21 (18S9). 

* White, W. M., J. of Assoc. Eng. Soc, 25 (1900), p. 161, and 27, (1901), pp. 
35-67. 

'^ Williams, G. S., Pr. Am. Soc. Civil Eng., May, 190T. 

" Robinson, S. W., Trans. Am. Soc. Mech. Eng., 25 p. 208-211 (1903). 

' Gregory, W. B., Trans. Am, Soc. Mech. Eng., 25 (1903). 
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this apparatus were made in the determination of the velocity of Hquids, 
usually the velocity of streams or of ships\ 

The tubes used for our work, as shown in Figure i , consists of two 
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FIG. 1. Pitot tube as modified by Captain D. W. Taylor. 

These tubes were made from a (iesign furnished by Captain D. W. Taylor,' 
Naval Constructor at Washington. Tubes of this design had been used by him to 
test the ventilating fans of the battleship Missouri, and were previously tested by 
Prof. A. F. Zahm, of the Catholic University, Washington. Using the formula 
v^|,/'2gh, the latter found that the results agreed with very accurate independent 
measurements of the volume of the air. 

concentric tubes, each connected to one arm of a differential manometer, 
so that the latter gives the difference of pressure of the gas in the 
two tubes. The axis of the tube is placed parallel to the direction of mo- 
tion of the smoke, and the inner tube has an opening 0.553 centi- 
meters in diameter with its plane at right angles to the axis. The 
outer tube has a slot 5.71 centimeters long by 0.16 centi- 
meters wide on each side, so that it gives to the manometer 
the static pressure of the gas. The inner tube corresponds to 
the original Pitot tube, and gives the static pressure plus the 
pressure caused by the impact of the gas upon its mouth, or what is of- 
ten called the velocity pressure. The use of slots instead of the circular 
openings usually employed to obtain the static pressure, prevents the 
aspirating effects noticed in the ordinary form of the tube. The 
two tubes (A) and (B), each 0.63 centimeters in diameter, are provided 
with screw threads at the ends, and on these tubes iron pipes of the same 
diameter are fastened. In the velocity determinations these pipes varied 
in length up to twenty-three feet, and served to support the Pitot tubes 
in the stack and to connect it with the manometer. To make the sup- 
port rigid they were stiffened by a band of steel, 1.3 centimeters thick 
and 4 centimeters wide, which fitted exactly between the two pipes (A) 
and (B). The pipes and the steel band were bound at distances of 60 
centimeters by clamps of heavy steel, bolted together by 1.3 centimeter 
1 Berthon, E., The Engineer (1850); Pendred, Vaughn, The Engineer, Dec. 
17, 1869 ; Rankine, W. J. M., The Engineer, Jan. 1870. 

' Taylor, D. W., Eng. News, 52, 18, p. 387-89, Nov. 3, 1904. 
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bolts. It was essential that these supports should be rigid, since 
the portions inside the wall of the stack had to be entirely self-support- 
ing. 

The manometer^ used for this work was the simplest form possible and 
proved perfectly satisfactory. It consists of a glass U tube of a small 
even bore, laid upon the slant of a triangle having a base of 23.74 centi- 
meters, a vertical side of 2.5 centimeters, and a slanting side of 25 cen- 
timeters. This was built of well seasoned wood, very carefully cut, and 
was fastened upon a broad horizontal base into which two levels were 
set. The U tube was bound down by copper wires, and a steel scale, 
accurate at 15°, was placed between the two arms. The two sides 
should be connected at the bottom by a horizontal spiral of the same 
glass tube, in order to lengthen the natural period of vibration of the 
ether column. The liquid used was ether, which responds freely to any 
change of pressure. It had a specific gravity of 0.7300 at a temperature 
of 17°. The manometer was connected to the Pitot tube pipes through 
two tw07way cocks ; and on reversing both of these, the impact arm' 
of the manometer became the static pressure arm, so that the effect of 
any slight difference of level between the two side tubes was elimiiiated. 
Great care was taken to set the instrument in such a way that the two 
ends of the base of the triangle should be at the same level. For each 
reading the stopcocks were reversed several times, the average taken, and 

reduced to velocity by the formula, V = a/ -^ " , where k is the 

\ 120 Dgas 

reading expressed in inches. 

Comparison of a Pitot Tube with an Anemometer.^ — In order, to 
see how the results obtained by the Pitot tube would compare with those 
given by a wheel anemometer, the two instruments were placed side by 
side, as shown in Figure 2. The pipe (A), running just beneath the con- 
crete floor, connects a large fan,, placed some distance from the section 
shown in the cut, with one of the main flues of the building where the 
tests were made. The Pitot tube (P) and the anemometer (M) were' 
supported by the two 0.64 centimeter iron pipes (C), which connect with 
the two arms of the Pitot tube — the static pressure arm ( S ) , and the im- 
pact arm (I). The tubes (C) were connected by the rubber tubes (R) 
to the differential ether manometer. The anemometer was stopped or 
started by the lever (L"), which was turned by means of a series of 
levers and rods (L,D,L' and D'), arranged so that the recording mech- 

' Seger's manometer may be used if a vertical form of instrument is desired. 

^ The anemometer was the property of the Department of Mechanical Engi- 
neering of Stanford University, and was the best instrument which could be pur- 
chased. The apparatus used for this purpose was designed for us by Professor W. 
R. Eckhart, Jr. 
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anism could be turned on or off without removing the apparatus from its 
place. The Pitot tube (P) and the anemometer (M) were set so that 
their axes were at equal distances from the axis of the pipe. The whole 




apparatus being supported by the tubes (C), which were fastened in 
the removable cover (B) of the manhole, could be removed in a moment 
to read the anemometer. The instruments were set several feet from 
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the manhole so that the slight irregularities in the pipe at the latter 
would cause no eddies near the instruments. 

The apparatus was put in place, and the fan regulated until the mano- 
meter of the Pitot tube indicated that the velocity of the air had become 
as nearly constant as possible. The recording mechanism was then turned 
on, and the readings of the Pitot tube manometer taken for a certain time, 
usually five minutes. The recording mechansim of the anemometer was 
then stopped, the apparatus taken out, and the dial read. The fan was 
run at the highest and lowest velocities possible, as well as at numerous 
intermediate velocities. The determinations as shown in Table i', are 
not given in the order in which they were made, but are rearranged in 
the order of the increasing velocity. 

The column "Ft. per Second Corrected" gives the results as determined 
by the anemometer, corrected by the calibration curve of the instrument 

maker. Under =^"g"'°'^^ter ^ ^-j^^ g^^^ column gives the. anemometer 

Vpitot 

velocity as obtained directly by reading the dial, divided by the velocity 
as determined by the Pitot tube. In the second column the anemometer 
reading has been corrected by its calibration curve. 

On account of this rise of reading with the velocity, the easy corro- 
sion of its parts, the fact that in the smoke the vanes become loaded with 
flue dust, and its high original cost, the wheel anemometer is a very poor 
instrument for the determination of the velocity of smelter smoke. The 
cost is of importance, since a number of instruments should be used. 

Determination of the Velocity Curve. — The sampling hole, through 
which all our apparatus was introduced into the stack, was 5.75 inches 
in diameter, formed by an iron pipe extending through the five-foot wall, 
and projecting one foot on the outside of the stack. It was 53 feet from 
the ground, at an altitude of 5935 feet, and about 13 feet above the top 
of the baffle wall, which extends across the middle of the stack. At the 
time our measurements were made, we believed that the top of the baffle 
wall was very much lower than it really is, so at that time we were not 
able to understand why our. curve of velocity showed a velocity consider- 
ably lower at the center of the stack than at four feet from the inner 
wall. The sampling hole was the highest opening in the stack, 
and also the only opening at this height, so that we were 
able to secure no other support for our apparatus than its walls. Not only 
the small size of this opening, but also its length, and the fact that it was 
round, made it difficult to insert, and keep vertical, any large 
amount of apparatus for the velocity determination. When no smoke 
sample was being drav/n off, it was possible to insert four tubes for the 

^ The calculations in this table, and all the other calculations in this paper, 
were made on a slide rule. 
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determination of the velocity curve. The region near the wall of the 
stack is by far the most important in this determination. Thus one-half 
of the area of the cross section, with its radius of 15.67 feet, is within 
4.66 feet of the wall, and also includes all that portion in which there is 
any great variation in the velocity. Measurements were made at the fol- 
lowing distances from the inner wall of the stack, the numbers being 
given in feet: 0.0, 0.25, 0.50, 0.75, i.o, 1.50, 2.00, 2.50, 3.00, 4.00, 10.00, 
and 15.67. 
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The results of these measurements are given in the form of a curve in 
Figure 3. Instead of plotting the velocities themselves, the square roots 
of the Pitot readings, multiplied by four, are given as ordinates, and dis- 
tances from the inside wall as abscissae. The extreme right of the curve 
represents the center of the stack. In computing the velocity for the 
time while samples of smoke were being taken for analysis, determina- 
tions were recorded at only one point, the point of maximum velocity, or 
four feet from the inside wall. This series of determinations was cor- 
rected by the velocity curve in order to give the average through the 
whole cross section. In computing this the method of sections was used. 
The radius of the stack was divided beginning at the center, into divisions 
of ten inches each; and the area of the ring formed by each segment, on 
rotating the radius in a plane about the center of the stack as an axis, 
was multiplied by the average velocity for that ring as shown by the curve. 



I^et a= 10" ro = 188" r = 180" V := average velocity. 



Then since 

(r-2a)^],+ 



V;r;^=V„7r[i88'— i8o'']-f-Vi7r[>^— (r— a)'] -f V,;r[(r— a) 

+ Vn TT [ ^ r—{n—i)a \'—{r—7iay] 

V = >[Vo (188^— i8oO+a^ V, (2r— «)+V, {2r—2,a) + Y,{2r—sa) -|- 
+ V„(2r— (2«— i)a \ ] 
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The calculation according to this formula is shown in Table 

TABLE 2 







V. 


2r— 


(2« — I 


)a. Product 


Product times a 




v„ 


6.00 








17760. 




Vi 


8.4D 




350 


2940. 


29400. 




Va 


9-53 




330 


3146. 


31460. 




V, 


9-83 




310 


3046. 


30460. 




V4 


9-95 




290 


2885. 


28850. 




V5 


9.92 




270 


2678. 


267S0. 




v„ 


9-77 




250 


2442. 


24420. 




V, 


9-53 




230 


2192. 


21920. 




v. 


9-31 




210 


1955- 


19550. 




V2 


9.18 




190 


1744. 


17440. 




V,o 


9.08 




170 


1544- 


15440. 




v„ 


9.01 




150 


1352. 


13520. 




Vu 


8.98 




130 


1167. 


1 1670. 




V,3 


8.96 




no 


986. 


9860. 




v„ 


8.94 




90 


805. 


8050. 




Vi5 


8.93 




70 


625. 


6250. 




V,e 


8-93 




50 


445. 


4460. 




v„ 


8.93 




30 


268. 


2680. 




V,8 


8-93 




10 


89. 
Total 


890. 




= 320880. 


X I = 


320880 


= 9-076, 


or 


four times 


the average 


•r'' 


35360 













of the Pitot reading for the whole cross section of the stack. The 
average square root of the Pitot reading therefore = 2.269. 

These measurements covered a period of eight and one-half hours. 
The average velocity corresponding to the average square 
root of the Pitot reading (2.269) is 55.80 ft. per second, 
which gives a volume of 3,721,000,000 cu. ft. in twenty-four 
hours under the conditions assumed to exist in the stack : temperature=: 
174.7" C, and pressure^6i2.2 mm. Under external conditions of /= 17° 
C, and /'=6i2.2 mm., the volume would be 2,411,000,000 cubic feet; and 
under standard conditions, 1,828,000,000 cubic feet. Although the re- 
sults have been calculated to the same internal and external pressures, 
the external pressure exceeded the internal by about 5 mm Other tests 
will be given later which covered a greater period of time. The curve 
at 4 feet from the inside wall shows 9.95 as four times the square root 
of the Pitot reading. The average for the whole cross section of the stack, 
9.076 divided by 9.95, the value at 4 feet, gives the factor 0.912. The 
average velocity over the whole cross section of the stack is therefore 
0.912 of the maximum velocity, or the velocity at a distance of 4 feet 
from the inside wall. This factor is used later in converting velocity 
at this point into average velocity. 

It had been planned to use sixteen tubes in the determination of the 



982 W. D. HAKKINS AND R. E. SWAIN 

velocity of the smoke, but this method had to be abandoned on account 
of the small size of the opening through which the tubes were introduced. 
However, the arrangement will be described as it was planned, since 
it is a somewhat better method than the one we were forced to use. 
Sixteen tubes are placed in one cross section of the stack in the form of 
a spiral, each tube at an angle of seventy-two degrees from its neighbors 
on the spiral. On account of the much greater area of the outer rings 
when the cross section is divided into concentric rings of equal width, 
the greater part of the tubes should be near the wall of the stack. In 
order to obtain the true average Pitot pressure (A), allowance should be 
made for this fact by some method which depends upon the law, that 
the area of a circle is proportional to the square of its radius. If the 
radius is squared and this square divided into fifteen equal parts, the 
proper distance of the tubes from the center are found by extracting the 
square root of each of the numbers obtained in this way. For example, 
in the case of a stack with a radius of fifteen feet the numbers would be : 
o, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165, 180, 19s, 210 and 225. 
When the square roots of these numbers are taken, the distances of the 
tubes from the center are found to be as follows: o, 3.87, 5.48, 6.71, 7.74, 
8.66, 9.48, 10.24, 10.95, 11.62, 12.24, 12.83, 13-40, 13.95, 14-48, and 15. 
It would be even better to use nineteen tubes at distances of eighty de- 
grees. All the tubes are connected through large air chambers (one for 
each arm of the manometer) to a differential manometer, or floating 
manometers may be used according to the method given by Captain Tay- 
lor. When this plan is followed, a mechanical average of the pressure 
through the stack is obtained, taking into account the greater area of 
the outer rings. The air chambers should be connected to the Pitot tubes 
so that there are separate connections provided with stop cocks for each 
tube. In this way readings may be taken on any one, or on all at the 
same time. The pressure given by the tube in contact with the wall 
of the stack is so low that it should not be connected with the manometer 
when the mechanical average is being taken, for it influences too greatly 
the pressure in the chambers. The greatest error in this method of ob- 
taining a mechanical average is due to the fact that the average velocity 
obtained is not the true average velocity, but the square root of the 
average of the squares of the velocities. Still, the results obtained are 
so nearly correct that they are satisfactory for most purposes. If the 
relation between these quantities is desired, it can be determined by the 
apparatus as described above. Since the method would be obvious to 
a worker who could do work sufficiently accurate to need such a relation, 
only a bare outline of the procedure will be given. The readings of the 
separate tubes should be taken in order, one at a time, as rapidly as pos- 
sible, and this procedure repeated a number of times. After each is 



SMELTER SMOKE 983 

read separately, a reading should be taken with all the tubes connected, 
except those that have not been included in the mechanical average. The 
single readings should then be calculated to velocity, and curves drawn 
showing its variation with the distance from the wall of the stack. From 
these can be calculated the average velocity by the method given later, 
or by any other satisfactory method. These results should then be com- 
pared with the results from the mechanical averages which were ob- 
tained under the same conditions. The ratio will serve for the correc- 
tion of all the mechanical averages obtained during the drawing off of 
smoke samples. A simpler method would be to use the tubes singly 
in determining the velocity curve according to the method given by 
Figure 3 and the accompanying description. 

Measurement of the Temperature. — The temperature was meas- 
ured by the simplest means possible, which, while not so satisfactory as 
a good self-recording instrument^ gave accurate measurements for the 
times that the readings could be taken. An accurate chemical thermom- 
eter was put in a long iron pipe A, Figure 4, with the bulb of the 

F/SUflE^ Scale is Hi 
_£_ 




thermometer wrapped carefully in asbestos. The bulb was protected by 
an iron cap (B), two inches long and one and one-half inches in diam- 
eter. The whole stem of the thermometer, except the portion to be 
read, was wrapped in asbestos, and then the small exposed portion of the 
scale was covered with a loose layer of the same material. The scale 
of the thermometer could be read through a long slot (C) in the wall of 
the pipe. Before beginning the readings, the bulb (B) was put in the 
desired location in the stack, and left there for one hour. The pipe 
was then very quickly partially withdrawn, until the portion of the 
thermometer to be read (D) was just outside the sampling hole. This 
portion was quickly uncovered and the reading taken; then the scale 
was at once recovered and the instrument immediately inserted in the 
stack. Subsequent readings could be taken every fifteen minutes. 

.Velocity Measurements for the Smoke Samples. — Sample 4 was 
taken during a period of twenty-eight hours. Preparations had been 
made for a seventy-two hour run, but a violent thunderstorm stopped the 
work at the end of twenty-eight hours. The data and results of the 
velocity determinations for this sample are given in Table 3. 

' A recording resistance thermometer may be used near the wall of the stack. 
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TABLE 3. 
Vbi<ocity of the Smoke. 



V =: 


\2gh Dether 












V 


Dgas 










Density of Ether ^ 


.7300 








Density of Gas ^ i.oi 


[8 X Density of 


Dry Air. 








Pilot 


Temper- 




Dair dry Velocity ft. 






Reading 


. atiire. 


A Feet 


per 


sec.=V 


Aug. 


23, '05 












A.M. 


11.45 


5.00 


177 


.04167 


.0006312 


55.05 




12.45 


4-75 


177 


.03960 


.0006312 


53^75 


P.M. 


i-45 


5-25 


173 


.04375 


.0006365 


56.22 




2.40 


5.25 


173 


•04375 


.0006365 


56.22 




3.00 


7.00 


173 


.05833 


.0006365 


64.96 




3-50 


5.50 


173 


•04583 


.0006365 


57.60 




4.30 


6.00 


173 


.05000 


.0006365 


60.16 




4.45 


5.50 


174 


•04583 


.0006350 


57.64 




S-oo 


6.50 


177 


.05416 


.0006312 


62.88 




5.20 


6.50 


178 


.05416 


.0006298 


62.96 




3-40 


6.25 


174 


.05208 


.0006350 


61.41 




6.00 


6.00 


177 


.05000 


.0006310 


60.43 




6.10 


7.00 


176 


.05833 


.0006324 


65.20 




6.30 


6.50 


174 


.05436 


.0006350 


62.76 




6.50 


7.00 


180 


•05833 


.0006266 


65.45 




7.20 


6.50 


170 


.05436 


.0006406 


62.52 




7-55 


7.50 


172 


.06250 


.0006379 


67.19 




8.05 


8.00 


172 


.06667 


.0006379 


69.40 




8.20 


8.25 


176 


.06867 


.0006417 


70.75 




8.45 


7.75 


174 


.06460 


.0006350 


68.42 




9-15 


7.00 


173 


•05833 


.0006365 


64.95 




9-45 


7.00 


174 


■05833 


.0006350 


65.00 




10.00 


7.00 


174 


•05833 


.0006350 


65.00 




10.20 


7.00 


175 


•05833 


.0006329 


65.13 




II. 15 


6.00 


180 


.05000 


.0006265 


60.56 




11.40 


6.25 


170 


.05208 


.0006409 


5i.i6 


A.M 


. 12.05 


6.50 


175 


.05416 


.0006329 


62.75 




12.15 


6.50 


180 


.05416 


.0006265 


63.07 




12.30 


6.25 


175 


.0520S 


.0006329 


61.54 




12.50 


6.50 


174 


.05416 


.0006350 


62.66 




1.30 


7.25 


180 


.06040 


.0006265 


66.70 




2.00 


8.00 


175 


.06667 


.0006329 


69.49 




2.30 


8.00 


179 


.06667 


.0006283 


69^95 




3-3° 


7.00 


174 


•05833 


.0006350 


65^03 




4.20 


7-25 


170 


.06040 


.0006409 


65.86 




4.45 


7.50 


171 


.06250 


.0006398 


67.15 




5-15 


7.25 


169 


.06042 


.0006423 


65.82 




5-45 


7.00 


165 


.05S33 


.0006481 


64.41 




6.20 


6.50 


160 


•05416 


.0006557 


61.65 




6.40 


6.00 


158 


.05000 


.0006585 


59.17 




7.10 


7.00 


165 


•05833 


.0006484 


64^41 




7-25 


8.00 


166 


.06667 


.0006470 


68.87 
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Time. 
8.05 


Pitot 
Reading 

8.50 


Temper- 
ature. 

173 


A Feet 
•07083 


Dairdry 
.0006363 


Velocity ft. 

per sec.=V 

71.58 


8.25 


9.00 


173 


.07500 


.0006363 


73-65 


9.20 


8.50 


175 


.07083 


.0006265 


71.76 


9-55 


9-25 


180 


.07708 


.0006329 


75-22 


10.45 


9-50 


185 


.07916 


.0006200 


76.63 


10.55 


9.40 


180 


•07837 


.0006265 


75-84 


11.05 


9.40 


180 


.07837 


.0006265 


75-84 


11.15 


8.50 


175 


.07083 


.0006329 


71-75 


11.20 


9-5° 


175 


.07916 


.0006329 


75.84 


11.30 


9-75 


185 


.08124 


.0006200 


77-64 


12.00 


8.75 


178 


•07294 


.0006296 


73-40 


P.M. 12.25 

12.40 

1. 00 

1.30 

2.00 

2-15 

2.32 


9.00 
9-25 
8.75 
9.00 
8.50 
8.50 
9.00 


177 
185 
183 
187 
171 

171 
180 


•07500 
.07708 
.07294 
.07500 
.07083 
.07083 
.07500 


.0006310 
.0006200 
.0006245 
.0006175 
.0006394 
.0006394 
.0006265 


74.01 
75-65 
73-36 
74-78 
71-42 
71.42 
74.22 



§^32.158 Average Gas Pressure=6i2.2mm.^ 

Pitot tube at 48 inches from the inside wall of the stack. 

The average velocity was obtained by plotting the results given in this 
table as ordinates and the time in hours as abscissae, which gave the 
curve shown in Figure 5. The average velocity was found by obtaining 
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FIG. 5 

the area of the curve with a planimeter, and dividing this area by the 
horizontal distance across it. The result obtained in this way is 65.00 
feet per second. From this the average velocity for the whole cross sec- 
tion of the stack is 59.24 feet per second, or 65.00 multiplied by 0.912, 
the factor for conversion into average velocity, and the volume per day 
at the temperature of the stack, 3,098,000,000 cubic feet. At the temper- 
ature of 17^ (the average temperature of the surroimding air) the vol- 
ume would be 2,007,000,000 cu. ft., and under standard conditions, 
1,523,000,000 cu. ft. 

1 On account of the breaking of our standard barometer during transit by 
express, an aneroid barometer had to be used in taking the pressures. 
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The average velocit}^ for smoke sample 2 was found in ex- 
actly the same way, the data being given in Table 4. On account of 
an accident to the velocity determination apparatus, there is a consider- 
able break in the readings between 8.30 and 12 A. M. 

TABLE 4 (Sample 2).— VELOCITY OF Smoke. 



July 23, 


1905- 


Time. 


Pilot. 


A.M. 1. 00 


7-25 


I-I5 


7.00 


2.00 


6.75 


2.50 


6.50 


3-30 


6.25 


4. 10 


5-50 


5.10 


5- 50 


6.10 


5-25 


6.36 


5.00 


8.30 


4-75 


12.00 


3-25 


P.M. 3.15 


3.00 


3-35 


3.20 


3- 50 


3-50 


4.00 


4.00 


5.10 


3.00 


6.00 


2.50 


7-15 


3-25 


7-50 


4.00 


8.15 


4-5° 


8.45 


5. GO 


9-15 


5.00 


9-45 


4-50 


10.00 


4.00 


10.25 


4-5° 



T. 

182 

182 

182 

182 

182 

182 

182 

182 

182 

181 

181 

i8r 
181 
181 
181 
181 
181 
180 
179 
178 
177 
176 
175 
174 
174 



h Feet 
.06038 
.05S28 
.05624 
•05414 
.05204 
.04580 
.04580 
■04372 
.04165 

•03957 
.02708 
.02500 
.02666 
.02956 

•03332 
.62,500 
.02092 
.02708 
'■03332 
•03750 
.04163 
.04163 
•03750 
■03332 
■03748 



The average velocity as calculated from the curve 



p = 


613.4 mm. 


Da„ dry 


v. 


.0006264 


66.64 


.0006264 


65^45 


.0006264 


64^34 


.0006264 


63.14 


.0006264 


61.84 


.0006264 


58.01 


.0006264 


58.01 


.0006264 


56^63 


.0006264 


55^36 


.0006276 


53^85 


.OOC6276 


44-58 


.0006276 


42.85 


.0006276 


42.29 


.0006276 


46.28 


.0606276 


49-44 


.0006276 


42.85 


.CO06276 


39.10 


.0006294 


44^57 


. 0006306 


49^37 


.0006308 


52^34 


.0006334 


5504 


.0006346 


55-03 


.0006361 


52.15 


.0006376 


49.10 


.0006376 


53-07 


; curve, I 


'ig. 6, is 50.90 
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feet per second; this multiplied by the factor 0.912, gives the average 
velocity for the whole cross section of the stack as 46.43 feet per sec- 
ond. The volume at the temperature of the stack in cubic feet per day 
is 3,098,000,000 ;under the conditions of the outside air, 2,007,000,000; 
and under standard conditions, 1,523,000,000. 

Another smoke sample was taken on July 27, 1905, the measurements 
being made four feet from the inner wall of the stack, and under an 
average pressure of 616 mm. The results of the velocity measurements 
are given in Table 5. 





TABLE 


5 (Sample 3). 


— Vei,ocity of Smoke. 




July 27, 


1905- 

Pitot 




h 


P = 


= 616 mm. 


Time. 


inches 


T 


Feet 


l-'dry air 


V 


8.40 


4.00 


189 


•0333 


.0006187 


49.80 


8.55 


4.00 


189 


•0333 


.0006187 


49.80 


9-30 


4-25 


1S9 


■0354 


.0006 1 87 


51-38 


10.00 


450 


189 


■0375 


.0006187 


52.85 


10-35 


475 


189 


.0396 


.0006187 


54-32 


II. 10 


4-75 


190 


.0396 


.0006076 


54-40 


".45 


5.00 


189 


.0416 


.0006187 


55-63 


12-45 


5.00 


188 


.0416 


.0006292 


5558 


1.30 


5.00 


187 


.0416 


.0006018 


55-55 


2.20 


5-5° 


188 


.045S 


.0006202 


56-44 


3.10 


4.75 


189 


.0396 


.0006187 


54.32 


3-45 


4-75 


191 


.0396 


.OOC6148 


54-46 


5.00 


5.25 


189 


■0437 


.0006191 


57-02 


6.00 


5-25 


188 


• '■H37 


.0006292 


56.98 


6-15 


5.00 


187 


.0416 


.0006018 


55-58 



The average velocity is 54. 86 feet per second, or 50.04 feet per sec- 
ond for the whole cross section of the stack. The volume of the smoke 
per day is 3,337,000,000 cubic feet at the temperature of the stack; 
2,092,000,000 cubic feet at the temperature of the outer air (17°) ; and 
1,595,000,000 cubic feet at standard conditions. 

A summary and average of the volume determinations will be given 
later in the paper. 

Standardisation of the Meter. — A recording wet meter would have 
been used for this work if it could have been procured in time, but the 
best instrument available was of the type of dry meter used for measur- 
ing the volume of illuminating- gas. 

The great inconvenience of this type is that for small volumes it is 
necessary to keep track of the movement of the hand which gives the 
number of cubic feet and fractions, since the recording hands do not 
move with sufficiency accuracy. This is not so great an inconvenience 
as it seems, for in any case it is necessary to note constantly the veloc- 
ity at which the smoke is passing through the sampling apparatus. The 
meter was tested by displacing the air from a large gas holder by the 
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addition of water. Several tests were made in this way, the gasholder 
being connected with the meter, and the latter to a filter pump. The 
meter was tested at various pressures, the pressure in the apparatus be- 
ing determined and kept constant by means of a T tube which was in- 
terposed between the meter and the ga? holder. The lower arm of this T 
tube was graduated in millimeters, and dipped into a cup of mercury. 
In the later experiments the gasholder was replaced by a fifty gallon 
tank, into which measured amounts of water were introduced from a 
large carboy. The results are shown in Table 6. 

TABLE 6.— Air Drawn Through Meter. 



Test 


Pressure. 


Meter 
Cu. Feet. 


Gasometer 
Cu. Ft. 


Correction 
Cu, Ft. Per Cent. 


1 


580 mm. 


14-25 


14.44 


-f-0.19 


+ 1-31 


2 


430 " 


22.00 


22.32 


+ 0-32 


+ 1-43 


3 


500 " 


16.00 


16.19 


-1- 0-19 


+ I-17 



The average correction of the meter reading was taken as 1.3 percent. 
Experiments at pressures slightly over 760 mm. gave practically the same 
correction. 

Apparatus for Collecting Samples of Solids. — In sampling smoke for 
solids there are a few general principles which should be observed in the 
design of the apparatus for the work. The apparatus recommended 
for this purpose is shown in Fig. 7, of which the apparatus used by 
us in our work is a modification. The gas should pass through the 
opening (O) of the sampling tube at the same velocity as that of the 
surrounding smoke, which may be as great as 75 feet per second, or 4, 500 
feet per minute, according to the data given in Table 3. The flue dust 
tends to collect to some extent around the edge of the opening (O), 
and if this is very small, may change the diameter so materially that it 
is difficult to calculate the velocity through it. If this factor alone were 
considered, the opening (O) would be made large; but, since the vol- 
ume of the smoke which passes through the sampling apparatus varies 
as the square of the diameter of the tube, the practical limit must be 
small, unless the apparatus is made exceedingly large. The apparatus as 
shown in Figure 6 is intended for an opening 0.60 to i.oo centimeter in 
diameter. When the opening is of this size, the apparatus must be large, 
if the velocities encountered are as great as those in our experiments. 
The tube (B) through which the smoke first passes after leaving the 
stack, is shown as eight centimeters in diameter, and the rest of the ap- 
paratus in proportion ; though if convenient, it would be better to have 
this one tube (B) even larger. 

In the case of sample Number 4, (A) was a Jena hard glass tube, 24 
feet long, supported and protected by an iron pipe in which it was 
placed. A porcelain lined iron tube was tried in the case of sample i 
(which has not been given), but this was unsatisfactory as the porcelain 
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lining cracked. (B) is a large tube of thin glass, having projections 
on the inside for the support of other apparatus ; B', a glass cup\ de- 
1 This is omitted, if the total weight of dust is not desired. A simple cup, 
without the inside tube, would serve as well and be less fragile. It is supported by 
platinum wires. 
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signed to catch any heavy dust which may pass through the tube A ; 
L and L,' are porcelain discs upon which ash free absorbent cotton is 
piled loosely. The gas next passes. through three large filter flasks (C,D, 
and E), then through two bottles (G and H) filled with absorbent cot- 
ton ; and finally, just before entering the meter, through a coil of thin 
copper tubing in order to equalize the temperature. This apparatus, 
including the meter, is contained in a box in which all the apparatus may 
be carried. The box is made water tight, so that water may be kept 
running through it in order to maintain a constant temperature. A win- 
dow just in front of the dial of the meter, makes the reading of the 
latter easy, while a cover having openings for the tubes (B) and (Y), 
protects the apparatus while in use and during its transportation. After 
passing the meter, the gas is drawn off through an iron pipe. The pres- 
sure is partially regulated by the valve (V) in the pipe, and is meas- 
ured by the manometer (Q), being finally determined by the height of the 
liquid (mercury or water) in the regulating tower (S). The exhaust 
through the valve (V) is always kept just strong enough to cause a 
small amount of air to pass down the tube (X), through the openings 
(O'), the column of liquid in (S), and the tube (R) into the T tube 
which forms a portion of the main exhaust pipe. Liquid may be added 
to the tower (S) by the dropping funnel (Z), or drawn off through the 
outlet (W). The three filter flasks contain water or some other liquid 
absorbent; and although not shown in the drawing, the lower portions of 
the tubes (C), (D), and (E), are pierced by a large number of small 
holes. The connections are made by rubber stoppers and by rubber tubes 
which have been first soaked in strong caustic potash solution, then in 
water, and finally in paraffin. Glass stoppers are not so satisfactory, 
since they sometimes begin to leak suddenly ; and they weaken the appar- 
atus, making it less flexible. Large rubber stoppers have the base cov- 
ered by a disc of glass. Other parts may easily be added to the apparatus, 
such as a large trap to catch the solids just before they pass into B, in 
order to decrease the clogging of the absorbent cotton by dust. 

It will be found, on using a properly constructed apparatus, that the 
greater portion of the heavy solids will deposit before reaching the 
absorbent cotton ; however, it will be necessary to insert the trap in (A) if 
high velocities are to be used. 

In our work we used a smaller opening (O) of the sampling tube, 
and found that in a short time the maximum amount of flue dust collected 
at its mouth, the high velocity at this point keeping it from filling up to 
any extent. Still, the larger opaiing is advised, since its free diameter 
can be calculated with more certainty. The opening should be of platinum 
foil, or of a sharpened glass tube. If it is desired that the mouth of the 
sampling tube should be placed in different portions of the cross section 
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of the stack for different periods of the time of sampling, this may be 
accompHshed by making the portion of the sampHng tube (A) which 
Hes outside the stack in several Joints. 

It will often be advisable to use the apparatus in a simplified form, in 
which case the tube (B) may be made from a condenser jacket simply 
filled with cotton. This was the form of apparatus used in the work 
given in this paper, and it proved very satisfactory. However, the glass 
tube (A) was so long that it rendered the use of a cup or a trap un- 
necessary, as will be shown by the data on Sample 4. 

Determination of the Total Weight of the Solids. — In deter- 
mining the total weight of the solids contained in a certain volume of 
the smoke, as great a quantity of the dust as is possible should be col- 
lected before the smoke reaches the absorbent cotton. Asbestos fiber 
may be used in the place of the cotton, but the latter is more efficient in 
stopping the finer particles. A large amount of the solids can be shaken 
out from the tubes (A) and the cup (B') and weighed without further 
treatment. The whole inside of the apparatus should then be washed' 
with water, the solution filtered and evaporated. The residue from the 
evaporation and that on the filter paper (or better, in the Gooch crucible) 
is first dried then w hed. The remainder of the solids may then 

be washed out by aqua regia, the solution evaporated, the residue dried 
and weighed. The cotton, which should be of a known weight and ash 
content and as ash free as possible, is decomposed by nitric and sulphuric 
acids until the organic matter is entirely destroyed, then the solution is 
evaporated, and the residue dried and weighed. Although a portion of the 
dust is changed somewhat in chemical composition by the action of the 
solvents, the results are sufficiently accurate. The total weight of the 
dust may be checked by a complete analysis of the residues.^ 

The Collection and Analysis of the Samples. — Sample 4, the ve- 
locity determinations for which are given in Table 3, was taken from 
the center of the stack through a tube (A) of Jena glass 23 feet in length 
and one-half inch in diameter, with a small opening (O) through which 
the smoke was drawn. The sampling was begun August 23 at 10.55 
A. M., and continued, with an hour's intermission, until the next day 

' To aid in the washing, the tube (A) may be cut into sections, and a glass rod 
with a rubber end used to loosen the adherent particles. 

2 The use of several large porcelain filters (six inches in diameter) has proved 
satisfactory in preliminary experimental work on the determination of the total 
solids. The first filters are covered with coarse, and the last with finely shredded 
asbestos. No liquid absorbent is used, but the tubes leading to the filters must be 
cleaned carefully. The weight is determined by direct weighing after drying. This 
method may be used where the more complex apparatus of our standard method is 
too cumbersome. Filter paper may be used for low velocities in cases where the 
smoke does not have a chemical action upon the paper. 
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at 2.32 P. M. The total volume of the sample at 17° was 123.2 cubic 
feet, this being the meter reading, corrected for the error of the meter, 
and for the solubility of the gases in the absorbing liquid. Since in this 
case the opening (O) was so small that the sampling velocity did not 
need to be very great, it was decided to ascertain how much of the sample 
would deposit in the glass tube (A) (Figure 6). The tube (B) was 
omitted, but in its place, the tubes (C), (D) and (E) were iiilled with 
absorbent cotton. The velocity of the gas through the sampling tube 
itself was approximately one and one-half feet per second, the first fif- 
teen feet of the tube from the opening having a temperature of 174.7° 
on the average, while in the remaining eight feet, the temperature fell 
gradually to about 25°. 

The deposit in the tube was washed with water, and the water solu- 
tion analyzed for arsenic, giving 0.009496 grams of arsenic trioxide per 
cubic foot, or 53,580 pounds per day of soluble arsenic trioxide for the 
portion of the sample which settled in the tube. The solution in the 
flasks was filtered, and the filtrate added to the water washings of the 
cotton. On analysis, this gave 0.001446 grams of arsenic trioxide to the 
cubic foot, or 8, 200 pounds per day, which shows that 87.7 per cent, of the 
soluble arsenic was collected in the glass tube (A) . The insoluble portions 
were analyzed together, and gave 6,000 pounds per day of water insolu- 
ble arsenic calculated as arsenic trioxide. This sample gave as a result, 
61,780 pounds of water soluble arsenic trioxide ; 6,000 pounds of water, 
insoluble ; and a total of 67,780 pounds of arsenic trioxide per day as the 
amount sent out in the smoke. 

In the case of Sample 2 (See Table 4 for the velocity determination), 
the sample was divided into two parts ; the water soluble and the water 
insoluble. The sample was taken from a point four feet from the inner 
wall of the stack, beginning July 23, 1905, at i A. M., and stopping at 
10.35 P. M. the same day. Of this time there were four hours during 
which the sampling apparatus was not running. The results of this 
test are shown in Table 7, which gives the results for the more impor- 

TABLE 7. 
Approximate Amounts of Substances Expelled in the Smoke, as Deter- 
mined FROM Sample 2.1 





Water Soluble. 


Water Insoluble. 


Total. 




Grams 


Pounds 


Grams 


Pounds 


Grams 


Pounds 


Substance. 


per cu. ft. 


per day. 


per cu. ft. 


per day. 


per cu.ft. 


per day. 


Arsenic trioxide 


0.01212 


52,650 


0.001428 


6,204 


0-01355 


58,854 


Antimony trioxide 


0.000650 


2,800 


000321 


1,400 


0.000971 


4,200 


Copper 


0.00071 


3,100 


0.00046 


2,000 


0.00117 


5,100 


Lead 


trace 




O.OOIIO 


4,800 


O.OOIIO 


4,800 


Zinc 










0.0013 


5.500 


Iron and Aluminum 














Oxides 


0.00318 


13,800 


0.00221 


9,600 


0.00539 


25,400 


Bismuth 










0.00021 


880 


' Volume of smoke per 


day for Sample 2 = 2,c 


307,000,000 


cu. ft. under the 



conditions of the meter. Volume of sample" (corrected) = 72.53 cu. ft. 
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tant metals. Where only the total is given, the soluble and insoluble por- 
tions were united before making the determination. 

The analysis of Sample 3 (velocity of determination, Table 5) is given 
in the form of a table of the same kind (Table 8). 

TABLE 8. 
Approximate Amounts of Substances Expei,i,ed in the Smoke, as Deter- 
mined FROM Sample 3, July 27, 1905. 



Substance. 
Arsenic trioxide 
Antimony trioxide 


Water Soluble. 
Grams Pounds 
per cu. ft. per day. 

O.OO9S8 47,000 


Water Insoluble. 

Grams Pounds 

per cu. ft. per day. 

0.00089 4i2IO 


Total, 
Grams 
per cu.ft. 

0.01077 

0.00093 


Pounds 
per day. 

51,210 

4,400 


Copper 


0.00058 


2,700 


0.00023 


1,080 


0.00081 


3,780 


Lead 
Zinc 
Iron and Aluminum 


0.00137 


6,480 


O.OOIOO 


4,750 


O.OOIOO 
0.00137 


4,750 
6,480 


Oxides 
Silica 


0.00109 


5,280 


0.00162 


7,680 


0.00271 
0.00219 


12,960 
10,260 


Manganese 


0.000040 


180 






0.000040 


180 


Volume of Smoke per day under the 


conditions 


of the meter = 2,161, 


,000,000 



cu. ft. Volume of sample (corrected) = 72.40 cu. ft. 

In obtaining the above results, standard analytical methods were used, 
the arsenic determinations being made, as a rule, in triplicate, using dif- 
ferent methods. The arsenic and antimony were separated from the 
lead, bismuth, and copper, by the use of chemically pure sodium sulphide, 
using in each case a fresh solution. The arsenic was separated from the 
antimony by a fusion method, by distillation, or by precipitation of the 
pentasulphide in a strong hydrochloric acid solution, the last method 
being preferred. In this case the pentasulphide was first weighed in a 
platinum Gooch crucible, then dissolved in caustic potash, oxidized by 
chlorine, acidified with hydrochloric acid, the chlorine boiled off, and 
the arsenic finally precipitated in an ammoniacal solution as magnesium 
ammonium arsenate. The solution was then filtered through a platinum 
Gooch crucible, and the precipitate heated by a Bunsen flame, the platinum 
crucible being protected from too high a temperature by a large porcelain 
crucible in which it was placed. The antimony was precipitated as anti- 
mony trisulphide, filtered through a Gooch crucible, and the precipitate 
heated in a stream of carbon dioxide in a Paul's drying oven. The lead 
was determined as sulphate, and by electrolysis ; the bismuth, separated by 
repeated precipitations with ammonium carbonate; and the copper deter- 
mined by electrolysis. 

Sulphur- Dioxide. Five determinations of sulphur dioxide, made Au- 
gust 25, 1905, will be given here to show something of the amount of 
sulphur dioxide which is thrown off by the smelter. Other determina- 
tions were made at different times, but will not be reported, since there 
is some uncertainty due to a loss of a portion of the notes. The gas 
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itself was drawn through tenth normal iodine solution, from ten to 
forty cubic centimeters being used for each test. The results were cal- 
culated from the formulas : 

^' =4^^?f^^+ "-9 where B = 6:3.4 

760 X (273 + ,^ ^ i^ 4 

t = 17'C 

% so, ^ 1119 

The results of these determinations are shown in Table 9, where the 

probable value is calculated from the formula, r = 0.6745A1' — ^ where r 

is the variation of the probable value from the determined average. 
TABLE 9.— Percentage of Sulphur Dioxide. 

Volume Vol = I 

No. sample. lo cc. i. V, Per cent. SOo v v- 

1 2100 CC. 1050 790.2 1-417 — .076 .005776 

2 goo 900 679-0 1.648 + .155 .024025 

3 1020 1020 768.0 I.45S — 0.y~i .001225 

4 3^15 9537 718.2 1.558 + .065 .004225 

5 3225 . 1075 809.0 1.384 - - .109 .011881 
Average per cent, by volume of SO, ^ 1-493 ± -0732- 

Gravimetric determinations of sulphuric acid were made on the re- 
maining solutions, and the sulphuric acid determined by difference. The 
average percentage by volume was 0.114. 

A summary of the volume determinations and analyses of the smoke, 
is given in Table 10, where all the results for volume are given as cal- 
culated to uniform temperatures and pressures. The results for sulphur 
dioxide are obtained by taking the average percentage, and calculating 
the amount for each volume as given for the separate volume determina- 
tions. 

TABLE 10. — Summary of the Voi,ume Determinations. 

Cu ft. per day at Cu. ft. per day at Cu. ft. per day Tons Sul- 

Sam- Velocity ft. temp, of stack=i74.7° temp, surrounding standard phur dioxide 

pie. per sec. p = 612.2 mm. air = 17° C. conditions. per day 

3 46.43 3,098,000,000 2,007,500,000 1,523,000,000 2,038 
2 5O-O4 3,337,000,000 2,161,000,000 1,641,000,000 2,195 
5 59-24 3,951,000,000 2,561,000,000 1,942,000,000 2,597 

4 55-8o 3,721,000,000 ^,411,000,000 1,828,000,000 2,443 

Average 52.88 3,526,800,000 2,285,100,000 1,733,500,000 2,318 

Average in Pounds per Day of Substances thrown off in the Smoke. 

Arsenic trioxide 59,270 

Antimony trioxide 4,320 

Copper 4,340 

Lead 4,775 

Zinc 6,090 

Oxides of Fe and Al 17,840 

Bismuth 8S0 

Manganese 180 

Silica 10,260 

Sulphur trioxide 447,600 

Sulphur dioxide 4,636,000 
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These results show that while the great flue, previously described, may 
be fairly efficient in settling the copper from the smoke, still a consid- 
erable amount escapes, while the amount of arsenic given off is very 
great. The greater part of this arsenic is in the form of the trioxide, 
though the crystals are somewhat rounded. A small amount exists as 
the trisulphide, and in the form of complex minerals containing iron. No 
attempt was made to identify the latter, but, judging from the ore, there 
was undoubtedly some enargite present. 

Samples of flue dust were taken from the big flue in August, 
1905, beginning at the bottom of the stack, and sampling at approxi- 
mately equal intervals to the bottom of the sixty foot flue, a distance of 
about 2,200 feet. ' he results of the analyses for copper and arsenic 
as given in Table 11, throw some light on the efficiency of the flue, es- 
pecially when the results of the analyses of the smoke are also considered. 
The flue collects daily approximately fifty tons of dust, but it seems 
evident that the amount collected near the stack would be much less than 
that collected in the portion nearer the furnaces. 

TABLE ir. — Anai<yses of Fi^ue Dust. 

Number. 
I 
2 

3 
4 
5 
6 

7 

Dust collected from the outside of the glass sampling tube in the 
stack gave 25.7 per cent., and dust which dropped from the top of the 
stack, 25.63 per cent, of soluble arsenic calculated as trioxide. 

The flue dust at the top of the big flue is roasted to produce commer- 
cial arsenic trioxide, but all of the rest is sent to the reverberatories and 
smelted for copper, so that the arsenic which it contains must in the 
end be eliminated in the smoke, excepting only that portion which goes 
into the reverberatory slag. 

The amount of copper deposited is greatest at the bottom of the flue, 
just as would be expected, since the copper is not in a volatile state ; 
but the amount of arsenic increases rapidly as the stack is approached. 
The flue evidently ends just where it is beginning to be very effective 
in the condensation and settling of the trioxide of arsenic, and the 
greater part of this substance passes out through the stack. However, 
even at the bottom of the sixty foot flue a considerable amount is depos- 
ited. It is evident that a large percentage of the oxide of arsenic which 
condenses to the solid state while in the flue, is carried along simply be- 



Location. 
Near foot of stack 




Per cent. 
Cu. 

4.64 


Per cent, 
AS2O3 

26.06 


Bottom of 120' flue 




5-23 

5.85 
5.S9 


22.00 
16,40 
12.62 


Near top of narrow 


flue 


6-33 


10.32 


Bottom of narrow fl 


lue 


7-37 
8.00 


8.85 
7.14 
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cause it is so fine that it will not deposit at the rate the gas is moving, 
1 1.4 feet (3.47 meters) per second. Most of the crystals which were 
obtained in the stack, were from 0.006 to 0.020 millimeters in diameter, 
but collected together in larger masses. After withdrawing each sample 
of smoke the sampling tube (A) (Figure 6) contained considerable loose 
dust which ran high in arsenic, and on the walls of the tube there was 
always some of the trioxide which had crystaUized from a vapor. The 
sulphides of lead, bismuth, and arsenic were deposited in definite rings 
on the walls of this tube. The flue collects the greater part of the heavy 
metals, but allows the most of the white arsenic to pass as a finely divided 
solid, and as a gas. 

The General Effects of the High Stack. — The change from 
low stacks to a very high one, has given an excellent opportunity 
to observe the difference in their effects. The result of the change has 
been to decrease the amount of arsenic deposited near the stack, and 
to spread it over a greater area. On account of the higher specific gravity 
of the smoke, it tends finally to fall to the earth, even though it may first 
be carried to a very great height, often striking the ground at distances 
of from one to four miles. As a general thing, the sulphur dioxide is 
more dilute when it reaches the ground than it was in the case of the 
lower stacks. However, there is often a greater amount of damage done 
in certain valleys which were previously protected by the mountains, but 
into which the smoke can now drop. The trees on certain high mountain 
sides are also acted upon more than before, in some cases showing a 
streak in the forest where the current of smoke passes, while below this 
the damage is less noticeable; but usually the gas finally descends into 
some valley. At times, in a high wind, the smoke will come to the ground 
at the base of the stack ; and the leaves of shrubs in the valley about half 
a mile from the stack, and 1000 feet lower than its top, show a very 
high percentage of arsenic. 

On the contrary, in still weather, the smoke sometimes rises very high, 
and seems to be carried away at a great elevation. It is certain, at 
least, that on level land, near the stack, the action of the sulphur dioxide 
is less intense than before, and as a result it is easier to raise trees and 
vegetables. In spite of these beneficial results the building of a high 
stack cannot always be recommended. Such a case was that of the Kes- 
wick smelter, where the smelter lay in a low, narrow valley. The 
short stacks threw out smoke which killed practically everything within 
a mile and a half on the low land. This district would have been of little 
use had a high stack been constructed, and the result would have been 
to spread the injurious action over an undamaged area, only to protect 
that which was already ruined. 

In order to determine to what extent the smoke was diluted before 
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striking the ground, one sample of air taken at a distance of two and 
one half miles was analyzed for arsenic, and gave three thousandths of 
a milligram of the oxide to a cubic foot. In this case we were in the 
rapidly passing clouds of dilute smoke only about one fourth of the time. 
Another analysis at the same distance gave one part of sulphur dioxide 
to thirteen thousand parts of air. Analysis of cloths, snow, wood, 
grass, and other substances showed considerable quantities of arsenic : 
most on surfaces turned upward, slightly less on vertical sides facing 
the smelter, and very little on vertical sides facing away from the smelt- 
er. The arsenic in the smoke as shown by the analyses, was, in the 
three cases, 91.8 per cent. 91. i per cent., and 89.4 per 
cent, soluble in water ; and the arsenic in two samples 
of grass was 92.6 per cent, and 83.6 per cent, soluble in the digestive 
fluids of the cow. As a rule, the arsenic in the grass is less soluble than 
that in the smoke, since the rains wash away the more soluble portions. 
The subject of the deposition of the arsenic will be treated in detail in the 
second article of this series. 

The concentration of the sulphur dioxide, in the air of a smelter dis- 
trict is much more variable than in the great cities during the winter. 
In neither case, however, is much known of the actual percentages pre- 
sent. While the amount present in a concentration of even a few 
hundredths of a per cent, may easily be detemiined by absorption in 
iodine or potassium permanganate, no method is at present known 
for the determination of the minute amounts of sulphur dioxide 
present in ordinary or even city air. The best that can 
be done at present is to approximate the total amount of sulphur gases 
in the air. A great deal of work has been done upon this subject re- 
cently in the smelter regions of the west using a solution of sodium 
bicarbonate or sodium carbonate as an absorbent. It should be em- 
phasized that such alkaline liquids are wholly unsuitable as absorbents for 
sulphur dioxide, since even a ten per cent, potassium hydroxide solution 
does not completelj' absorb this gas. 

In cities, sulphur dioxide is present in the greatest quantities during 
the winter, when it can have little action upon plant growth. In smelter 
regions, the amount of sulphur dioxide in the air depends more upon 
the winds and the humidity than upon the season of the year. The 
highest results for sulphur gases in city air were obtained by Oliver, 
who drew London air through dilute hydrogen peroxide. The amounts 
obtained were as follows: 





Per cubic meter. Parts per million. 


Cloudy weather 


1.9 mg, SO3 = 1,52 mg. SOj = 1. 17 SO2 


Light fog 


2.9 = 2.52 = 1.95 


Heavy fog 


6.0 = 4.80 = 3.71 


Yellow fog 


7.2 = 5.76 = 4-45 


Black fog 


14.1 = 11.28 = 8.73 
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A comprehensive treatment of this subject is given by Max Rubner.^ 
The determination of the amount of sulphur dioxide in the smoke 
stream is much more simple, since the concentration of the gas is con- 
siderable. The principal difficulty where high stacks are in use is that 
the smoke stream shifts so rapidly that it is usually impossible to follow 
it. The best time for such a determination is at night, when the smoke 
often settles in a cloud in the valley. 

Many interesting problems have arisen in this work which could not 
be solved on account of lack of time. It is possible that the flue dust, 
as assorted by the flues and chambers, would supply a good field for 
work on the rare elements. An analysis made several years ago gave 
o.oii per cent, vanadium, 0.027 P^^ cent. selenium, and 
0.016 per cent. tellurium ; while a qualitative examina- 
tion for the ordinary elements .showed , in addition , 
the presence of silver, lead, bismuth, copper, arsenic, iron, aluminium, 
manganese, zinc, barium, calcium, magnesium, sodium, ammonium, silica, 
water, sulphuric acid, chlorides, sulphides, sulphites, sulphates and a 
trace of organic matter. Other elements might have been present in 
traces. The dust from the flue near the stack, or in the stack itself, 
contains a considerable amount of concentrated sulphuric acid, while that 
from near the furnaces contains much less. To this latter, together with 
the arsenic with which it is associated, is probably due much of the 
spotting of leaves which is so common in smelter regions. This action 
of the flue dust is of far less importance than that of the sulphur dioxide^ 
in affecting the growth of plants, in spite of some recent opinions to 
the contrary ; but the arsenic of the dust may affect to a greater degree 
the value of the grasses, since it renders them poisonous. 

In conclusion, we wish to express our special indebtedness to Dr. John 
Maxson Stillman, who has helped us very greatly in all of this work. 
We wish also to thank Captain D. W. Taylor for the design of the 
Pitot tube. Professor Robert Sibley for checking the calculations, and 
Professors W. R. Eckart, Jr., W. F. Durand, and Albert W. Smith, for 
aid, and for suggestions as to the determination of velocity. 

The University of Montana and Stanford University, April 22, 1907. 
' Rubiier, Archiv. fiir Hygiene, LVII, 323-378 ; LIX, 91-149. 
^ For a comprehensive bibliography on the subject of damage by smelter smoke 
see : Haselhoff und Lindau, Die Beschadigung der Vegetation durch Ranch, Leip- 
zig, 1903 ; Schroeder, J. v., u Reuss, C, Die Beschadigung der Vegetation durch 
Rauch und die Oberharzer Hiittenrauchschaden, Berlin, 1S83. 
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[SBCOND PAPBR.J 
ARSENIC IN VEGETATION EXPOSED TO SMELTER SMOKE.* 

By R. E. Swain and W. D. Hakkins. 
Received January 28, 1908. 

In a previous paper^ there were presented the results of a study of the 
smoke emanating from a copper smelter now in operation near Anaconda, 
Montana. It was estimated that at the time the examination was made 
this plant was discharging daily from its main chimney an average of 
59,270 pounds (26,880 kilograms) of arsenic trioxide, along with notable 
quantities of copper, antimony, lead, zinc, and other substances. The 
smelter is situated at the base of a ridge which descends steeply from Mt. 
Haggin, a perennially snow-capped peak rising near the main crest of the 
Rocky Mountains. On one side of this ridge is the valley of Warm Springs 
Creek in which the city of Anaconda is situated, and on the other side is 
Mill Valley, each typical of a number of narrow valleys and ravines lead- 
ing down from the main range into a broad basin thir'ty-five miles long and 
four to six miles wide, the Deer Lodge Valley. The present paper will 
deal with the distribution of certain of the more notable constituents 
of the smoke, particularly arsenic, over the district in the vicinity of the 
smelter. This is a region of variable winds which often blow with great 
velocity, so the section affected by the solid or gaseous components of the 
smoke is not confined to a narrow tract nor to any closely circumscribed 
area. There are prevailing wind directions for each season of the year, 
but these are not so constant as to restrict the action in any considerable 

'■ The work on this paper was begun in 1902 by W. D. Harkins, and was presented 
in abstract at the New York meeting of the American Chemical Society, December, 
1906. 

" This Journal, 29, 970. 
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degree. Pouring out of the stack a thousand feet above the valley floor, 
the smoke stream can be traced as far as the eye can reach in that normally 
clear atmosphere, trailing down the valley for thirty miles toward Gar- 
rison, or often eastward in the direction of Butte, or sweeping over into 
Mill Valley and filling the narrow ravines which lead down from the 
Continental Divide, fourteen miles to the south. In spite of the height 
at which it is discharged the smoke may be seen very frequently to strike 
the valley within less than a mile from the base of the stack, while on 
quiet days it may rise to a considerable height and hang as a haze over 
the valley. 

The basis of the work herein described has been the vegetation of the 
Deer I^odge Valley and adjacent territory, and especially the hay and 
wild grasses, for the primary incentive to the investigation, part of which 
preceded the examination of the smoke itself, was the claim on the part of 
the farmers residing in the vicinity of the smelter that they were suffering 
abnormal losses of live-stock, which they attributed to smelter fumes. 
The first appearance of the peculiar symptoms of disease in the stock were 
noticed only a few months after the smelter began to operate ; the quick 
recovery of the milder cases upon removing them to distant pastures, and 
the recurrence of the disorder on their return ; and the fact that the great- 
est disturbance was observed in those sections over which the smoke 
drifted most frequently, suggested that the trouble was a local one and in 
some way connected with the smelter. 

In all cases the samples analyzed were collected by one of us or by both 
of us together, either in stoppered bottles or in heavy glazed jute sampling 
bags. With very few exceptions the results obtained are from air-dried 
samples, this being deemed a more reasonable and practical basis to 
which to refer the analyses than the more complete drying at ioo°. 

From each of these samples a weighed quantity (30-200 grams) was 
taken for analysis, placed in a large casserole covered with a watch glass 
and concentrated nitric acid allowed to stream over it from a pipette. 
Destruction of the tissue begins at once without the application of heat, 
and in the case of samples with many leaves which present extensive 
surfaces for action, the mass may ignite' and bum, if not carefully watched 
during the first stage of the decomposition. Excessive action must be 
checked promptly by floating the vessel in cold water or, if that is in- 
sufficient, by diluting the acid with water. By stirring it occasionally 
with a glass rod the sample is soon reduced to a thick, yellow, semi-liquid 
mass after which heat may be applied to the casserole imtil the most of the 
acid is expelled. Five to 8 cc. of concentrated sulphuric acid are then 
added, drop by drop. A rapid decomposition of nitro-compounds fol- 

* If a large amount of acid is added there is no danger of ignition even if con- 
centrated nitric acid is used. 
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lows and thereafter the mass is reduced to a charred and crisp condition 
by heating in an air bath to a temperature not exceeding i8o°.^ If the 
destruction of the tissue is not perfect enough after the addition of the 
sulphuric acid, successive small portions of nitric acid may be added 
during the subsequent heating, taking the precaution to cool the casserole 
to 100° or less before each addition. This method, which is essentially 
an application to plant tissue of the Chittenden- Donaldson method for 
the destruction of animal tissue, yields a final residue capable of easy 
extraction with acidified water. The extract thus obtained was filtered 
into a graduated flask and an aliquot part taken for analysis. 

In all but a few cases the arsenic was estimated by applying the Marsh- 
Berzelius method and weighing the mirrors which resulted. In no case 
in which results are given was an estimate based upon comparative 
mirrors. 

Copper was determined by evaporating another portion of the solution 
to dryness in a porcelain dish, igniting to destroy all organic matter, 
and after dissolving the residue in dilute nitric acid, precipitating the 
copper electrolytically. The following table gives the results of the 
analysis of vegetable tissue collected in the Anaconda region: 





Table I.- 


—Arsenic 


AND Copper in Grass 


AND Hay. 






Sample. 


Month. 


Distance and 
direction. 


Parts per million.^ 


mber. 


AS2O3. 


Copper. 






1902 










I 


G" 


Nov. 


0.25 


E 


1551 


1800 


2 


G 


Nov. 


3-0 


w 


166 


871 


3 


G 


Nov. 


4.0 


w 


88 


708 


4 


H 


Nov. 


1-5 


s 


283 




5 


H 


Nov. 
1903 


3-0 


w 


36 


216 


6 


G 


Oct. 


4.0 


E 


10 


128 


60 


G 


Oct. 


2.0 


S 


II 


. . . 


66 


G 


Oct. 


4.0 


SE 


13 




7 


H 


Oct. 


5-0 


SE 


13 




8 


G 


Nov. 


150 


NNE 


52 


164 


9 


M 


Nov. 
1905 


I5-0 


NNE 


405 


237 


10 


G 


Jan. 


3-0 


N 


122 




II 


G 


Jan. 


5-0 


E 


100 


563 


12 


G 


Jan. 


50 


ESE 


90 




13 


G 


Jan. 


2.0 


SSE 


79 


176 



• Another method used by one of the writers will be described in a subsequent 
paper. 

' Parts per million are equivalent to ten-thousandths of i per cent., and multiplied 
by 0.7 give the number of grains in 100 pounds of substance. 

' H denotes a sample of hay taken from the stack ; G, a. sample of grass cut from 
the field ; L, leaves of trees ; B, bark of trees ; C, leaves of the cedar ; and V, leaves of the 
lily-of-the-valley. 
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Tablb I (Continued'). 











Parts per 


million. 








Distance and 




> 


nber. 


Sample. 


Month. 


direction. 


AsjO,. 


Copper. 


14 


G 


Jan. 


4.0 SE 


50 


80 


15 


H 


Jan. 


2.0 SSE 


23 


II 


16 


G 


Jan. 


^.5 sw 


87 


81 


17 


G 


Jan. 


4.0 ESE 


68 


150 


18 


H 


Jan. 


3.0 SE 


8 


51 


19 


G 


Jan. 


6.0 NE 


170 


226 


20 


H 


Jan. 


4.2 NE 


85 




21 


H 


Jan. 


3.0 NE 


96 


326 


22 


G 


Feb. 


3.0 N 


77 


112 


23 


G 


Feb. 


^.0 N 


220 


119 


24 


G 


Feb. 


4-5 N 


217 


407 


25 


H 


Feb. 


4.0 SE 


22 


... 


26 


H 


Feb. 


4.0 SE 


21 


... 


27 


H 


Feb. 


5.0 ESE 


50 


46 


28 


G 


Feb. 


6.0 N 


30 


112 


29 


G 


Feb. 


5-0 N 


263 


470 


30 


G 


May 


35-0 N 


35 




31 


H 


June 


4.5 N 


89 


161 


32 


G 


June 


6.0 N 


67 




33 


H 


June 


12. NNE 


35 


190 


34 


H 


June 


2.0 W 


15 




35 


H 


June 


14.0 NNE 


34 


221 


36 


G 


Sept. 


6.0 N 


61 




37 


L 


Sept. 
1906 


0.5 w 


427 




38 


G 


Feb. 


5.0 SE 


140 




39 


G 


Feb. 


5-5 N 


180 




40 


H 


June 


3.0 W 


14 




41 


G 


June 


4.0 W 


99 




42 


H 


June 


3-0 E 


107 




43 


H 


June 


4.0 E 


18 




44 


G 


July 


4.2 N 


12 




45 


G 


July 


8.0 NNE 


III 




46 


G 


July 


5-0 W 


38 




47 


G 


July 


3-0 SE 


21 




48 


G 


July 


1.5 SW 


157 




49 


G 


July 


2.0 S 


10 




50 


G 


July 


2.0 SW 


359 




51 


G 


July 


1.5 SW 


460 




52 


G 


July 


1.7 SW 


293 




53 


V 


July 


1.7 SW 


583 




54 


B 


July 


1.5 SW 


350 




55 


B 


July 


1.7 SW 


376 




56 


G 


July 


6.0 N 


18 




57 


C 


July 


2.0 SW 


508 




58 


G 


July 


0.7 SW 


431 




59 


H 


Aug. 


6.0 E 


31 




60 


B 


Aug. 


1.5 SW 


300 




61 


L 


Aug. 


1.7 SW 


683 
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Table I (Coniimied). 









Distance and 


Parts per million. 


Number. 


Sample. 


Month. 


direction. 


AsjO,. 


62 


G 


Aug. 


1-7 


SW 


482 


63 


G 


Sept. 


2-5 


NW 


81 


64 


G 


Sept. 


2-5 


SW 


100 


65 


G 


Sept. 


6.0 


N 


33 


66 


G 


Sept. 


4.2 


N 


34 


67 


G 


Sept. 


1 .0 


N 


lOI 


68 


G 


Sept. 


1 .0 


E 


236 


69 


G 


Oct. 


10. 


SW 


64 


70 


G 


Oct. 


130 


SW 


38 


71 


G 


Oct. 


35.0 


N 


29 


72 


G 


Oct. 


34-0 


N 


21 


73 


G 


Nov. 


4.2 


NNE 


121 


74 


G 


Nov. 


6.0 


NNE 


73 


75 


G 


Nov. 
1907 


1-5 


E 


705 


76 


G 


Jan. 


1 .0 


NE 


265 


77 


G 


Jan. 


2.0 


SE 


97 


78 


G 


Jan. 


3-0 


SSE 


51 


79 


G 


Jan. 


4,0 


SE 


86 


80 


G 


Jan. 


4.0 


SE 


76 


81 


G 


Jan. 


6.0 


SSE 


47 


82 


G 


Jan. 


6.5 


SE 


98 


83 


G 


Jan. 


8.0 


SE 


79 


84 


G 


Jan. 


100. 


NW 


00 


85 


G 


Jan. 


750 


W 


00 


86 


G 


Oct. 


100. 


NW 


00 



A few of the above samples were analysed by each of us, using the same 
balance sensitive to 0.005 mg.? but otherwise independently, and the 
mean of the results obtained taken for the table above. The complete 
data for each joint determination are given as follows: 

Table II. 

Per cent. AsjOa. 



No. 


Sample. 


H. 


S. 


Difference. 
Per cent. 


II 
16 
19 


Grass 
Grass 
Grass 


0.0103 
0.0089 
0.0169 


0.0097 
0.0085 
0.0170 


. 0006 
. 0004 
O.OOOI 


20-31 


Hay 


0.0089 


0.0085 


. 0004 


22 


Grass 


0.0079 


0.0075 


0.0004 


23 


Grass 


0.0219 


0.0220 


O.OOOI 


29 


Grass 


0.0264 


0.0261 


0.0003 


33-35 


Hay 


0.0034 


0.0035 


O.OOOI 



In all but two cases of those cited above the results given are merely 
duplicate determinations made on a single sample, but samples 20 and 31 
and samples 33 and 35 were instances where each of us took a sample 
from a stack independently of the other and conducted a separate deter- 
mination. 
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The first samples taken from this district were collected in November, 

1902, but the record of all except nine of the results of the analyses made 
on this material and that of the following year was accidentally destroyed. 
The smelter started early in 1902 and continued without interruption 
throughout that year, so the results for grass represent a deposition of 
arsenic extending over a period of six months, while the hay, cut in July, 
was exposed less than three months. Samples 2 and 5 were taken from 
the same farm, but one was left exposed in the field during the whole 
period while the other was removed and stacked as hay. The difference 
here shown in the two values, 166 and 36, respectively, is fairly repre- 
sentative of a condition which will be found to prevail with notable 
uniformity throughout the analyses. An interesting exception is found 
in the data for 1903, where samples 6 and 7 show quantities which are not 
only relatively very low, but nearly equal. During 1902 and a part of the 
following year the smoke from the smelter was delivered from four smaller 
stacks which were erected near the center of the plant. But in June, 

1903, the smelter was shut down until late in September in order to permit 
certain modifications to be made, chief among them being the final work 
of construction upon the present high stack and extensive settling flue. 
At the time these samples were collected, one from a haystack and the 
other of grass from the open field, the smelter had barely begun operations 
after the summer's inactivity, so that the two samples had been exposed 
to smoke only during the period of growth until the time of the closing 
down of the smelter in June, and both were exposed equally long. Sample 
8 shows the result of an added exposure of over a month during the dry 
season of the year. The moss sample from the same locality gave a 
remarkable result which is to be explained only on the assumption that 
owing to its peculiar matted growth the moss may have collected the 
arsenic which fell upon it like a natural filter, and held on to it from the 
previous year. During the year 1904 no collections were made, though 
the hay samples taken in the early part of 1905 were from the 1904 crop. 
The average amount of arsenic in these hay samples collected up to May, 
1905, is 41.9 parts per million, while the average of the results for grass 
is 120.4. 

For the year 1905 a noteworthy sample is that of grass (No. 30) from 
Garrison, thirty-five miles north of the smelter, which carried 35 parts of 
arsenic trioxide per million. Two samples (Nos. 71 and 72) collected 
in October of the following year from the same locality carried 29 and 21 
parts, respectively, per million. The former sample was old grass collected 
in May, at which time the grass from the preceding year usually attains 
its maximum content of arsenic. 

It must be admitted that, whatever the amount of arsenic discharged 
daily with the smoke, we have, without further evidence, no satisfactory 
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measure of its distribution. If arsenic and copper and other toxic con- 
stituents of smelter smoke were not to be found in the soil, their appearance 
in the vegetaton of the smoke zone could be attributed at once to at- 
mospheric deposition. But it may be claimed that the arsenic and 
copper found in these samples are not deposited from the smoke stream, 
but absorbed from the soil itself. It is a fact that growing plants may 
absorb small amounts of copper from the soil, and a review of the litera- 
ture would seem to leave no doubt that the same is true, in a very slight 
degree, for arsenic. 

Voelcker' experimented with grass grown on soils to which arsenical 
superphosphate had been added, and Hehner, who made the analyses 
for him, found on an average 0.0045 grain of arsenic per pound of straw 
(0.7 part per million). Swedes under the same conditions gave no arsenic 
in the bulbs, and in one case only 0.02 grain per pound of dried tissue 
(2.8 parts per million) in the leaves and stems. Barley straw grown on 
soil manured heavily with superphosphate containing 0.5 per cent, arsenic 
trioxide carried 0.007 grain per pound (i part per million) while the leaves 
of swedes and mangels grown on ordinary soils containing about 0.0002 
per cent, of arsenic trioxide were found to contain 0.002-0.004 grain of 
arsenic per pound (0.3 to 0.6 part per million). AngelP analyzed a large 
variety of cereals and table vegetables which were grown on soil to which 
superphosphate carrying 0.5 per cent, oi Asfi^ was added. Of thirty-two 
samples examined twenty-two showed not a trace of arsenic while the 
rest are reported as containing slight traces. Since, however, only an 
acid extract of the plant in dilute hydrochloric acid was made, with no 
effort to destroy organic matter before adding it to the Marsh generator, 
and since only fifteen minutes were allowed for the arsenic mirror to 
appear, the results are open to very serious question. Gautier^ found 
arsenic in many vegetable foodstuffs; .in wheat (0.000,007 per cent.), 
bread (0.0000071 per cent.), and in potatoes (0.000,0112 per cent. ),^ but 
not a trace in cabbage and beans. He also claims to have found it in 
marine and fresh water algae. 

Copper in traces has been shown repeatedly to be present in plants 
grown on coppery soils. In fact the occasional presence of copper in 
plants has been admitted for nearly a century.^ Verdrodi^ found notable 
amounts of copper in buckwheat (0.87 per cent. CuO), maize (0.06-0.39 
per cent.) and other cereals. These results, however, have been criticized 

' Report Royal Arsenical Commission, Vol. II, p. 174. 
" Ibid., p. 10. 

' Gautier, Compt. rend., 139, loi (1904). 

■•See Meissner-Schweigg, Journal, 17, 340 (1816); Phillips, Ann. chim. phys. [2], 
19, 76 (1821). 

' Verdrodi, Chem. Z., 17, 1932 (1894); and 20, 399 (1896). 
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by Lehmann/ who points oiit that they are ten times those obtained by 
Tscherch from soils very rich in copper, and justly criticizes the method 
adopted by Verdrodi for the estimation of copper, viz., ashing the plant, 
extracting the residue with nitric and hydrochloric acids, precipitating 
with hydrogen sulphide, and without further treatment weighing the 
precipitate as copper sulphide. Lehmann's own results, however, show 
that minute quantities of copper may be present in certain plants which 
subsist on a soil containing copper salts. 

There are good reasons for believing that the valxies given for arsenic 
and copper in the previous table are not due to absorption from the soil. 
Plants do not absorb so much arsenic or copper as is there shown. The 
writers have grown cereals on several soil samples which were collected 
in the Deer Lodge Valley. These were taken outside the range of the smelter 
smoke and planted to barley and timothy. In no case have they found 
more than 0.0002 per cent, of arsenic trioxide in the matured plants, where 
values as high as 0.0263 per cent, had been obtained from grass grown 
on the same soil five miles from the smelter. Moreover, above every- 
thing else the length of time the plant is exposed to the free atmosphere 
in the smelting district is the determining factor in connection with its 
arsenic content. A few cases illustrating this have already been cited in 
connection with some of the earlier results, and many others could be 
selected. Nos. 53 and 61, samples of wild lily-of-the-valley, were collected 
by one of us from the same spot about one and three-quarter miles from 
the smokestack and in a section over which the smoke blows much of the 
time in the summer months. The first one was cut July 3rd and the 
other August 14th, or six weeks later. During this time the arsenic 
content of the plants increased from 583 to 682 parts per million. At 
the same time these were taken a kind of wild grass {agrlplrons dlvergens) 
growing at the same place was sampled. These are designated as Nos. 
49 and 62. When the first of these was collected the grass was already 
dead, so the increase in arsenic trioxide from 293 to 482 parts per mllion 
cannot be ascribed to processes of absorption from the soil. Nos. 44, 
66 and 73 are meadow grass samples taken from the same field in the 
months of July, September and November, respectively. The July 
sample, covering the period of most rapid growth and most frequent 
rainfall, carried 12 parts of arsenic trioxide per million. The September 
sample more than covered the rest of the growing period and carried 34 
parts, while the November sample carried 121 parts per million, thus 
collecting an added 87 parts after all growth had ceased. 

A striking proof that the arsenic is deposited from the smoke was found 
by a study of the wind currents. The Mill Valley district southwest of the 
smelter is the one toward which the smoke blows most during the early 
' Arch. Hyg., 24, 3; and 27, i (1896). 
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summer, while late in August the air currents begin to go northward down 
the Deer Lodge Valley, and from this time until the snow covers the ground 
the greater part of the smoke blows in this direction. The analyses show 
that the grass of Mill Valley contains more arsenic than any other district 
during the early summer. Thus samples 48, 50, 51, 52, 53 and 58, which 
were gathered in July, 1906, contained respectively 157, 359, 460, 293, 
583 and 431 parts of arsenic trioxide per million. North of the smelter, 
sample 12, taken in July 1906, from the Bliss ranch, contained 18 parts, 
one taken in September 33 parts, and one taken in November 73 parts 
of the trioxide per million. In 1905 the Bliss grass in June contained 
67 parts, in September 61 parts, and in February, 1906 (grass of the 
season of 1905) it contained 180 parts per million. Hay from the same 
ranch cut in August, 1904, contained only 30 parts to the million, while 
by the next April the grass in the same field had increased its arsenic 
content to 263 parts. During 1906 the Para ranch gave 12 parts in July, 
34 parts in September, and 121 parts in November. There is, of course, 
some objection to a comparison of the grass with the hay, since a certain 
portion of the arsenic of the latter is shaken off by the cutting and stack- 
ing. Even with the grass it is difficult to obtain the original arsenic 
content, since the sample must be cut, put into containers, and trans- 
ported to the laboratory. 

These results show very plainly that the greatest accumulation of 
arsenic generally occurs after the period of growth is ended and the plant 
is dead. There is little doubt that the rains during the early summer 
wash much of the arsenical deposit from the vegetation, while in winter 
the grass is protected by snow. The most favorable time then for the 
arsenic to accumulate on the tissue is during the late summer and fall; 
and during that period, in fact when absorption through the roots is out 
of the question, since when the grass is dead the accumulation is most 
rapid. 

That this is deposited arsenic rather than absorbed arsenic is evidenced 
further by the fact that by shaking dry hay or grass grown in the vicinity 
of the smelter a finely divided dark-gray powder, running notably higher 
in arsenic than the tissue from which it came, is obtained. Various samples 
of this dust were collected by shaking the hay or grass on a fork over a 
glazed cloth and separating leaves and fragments of the tissue by means 
of an 8o-mesh sieve. This dust accumulates in quantity on the floors 
and rafters of hay lofts and in the mangers of feeding bams where it can be 
swept up in large amounts. Several samples of dust were also obtained 
from parts of threshing machines and analyzed for arsenic. Complaints 
are often made by men working on these machines that the thresher dust 
from grain in the smoke zone irritates the skin and the mucous membrane 
of the eyes and nasal passages. 
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Table III. — Arsenic in 


Dust from Hay and G 


RAIN. 




No. 


Year. 


Month. 


Sample. 


Direction 

from 
smelter. 


Distance 

from 
smelter. 


AS2O3. 
Per 
cent. 


AS2O3. 
Parts per 
million. 


CuO. 
Per 

cent. 


Farm. 


I 


1905 


June 


H.> Dust 


N. E, 


4-5 


0.0987 


987 


0.5320 


Para 


2 


1905 


June 


* ' 


" 


4-5 


0.0969 


969 


. 5600 


t ( 


3 


1905 


Apr. 


'* 


" 


4 


0.4380 


4380 


0.7430 


Staffanson 


4 


1905 


Apr. 


* ' 


'* 


4 


0.5140 


5140 


0.7970 


' * 


5 


1905 


Oct. 


T.= Dust 






0.0887 


887 




Bowman 


6 


1905 


Oct. 


" 






0.0594 


594 




Perkins 


7 


1905 


Oct. 


" 






0.0448 


448 




Watts 


8 


1905 


Oct. 


* ' 






0.0410 


410. 




Day 


9 


1905 


Oct. 


' ' 






0.0941 


941 




Jones 


lO 


1906 


July 


H. Dust 


E. 


1.5 


0.3526 


3526 




Lappin 


II 


1906 


Nov. 


" 


S. E. 


2 


0.9190 


9190 




Allen 



These values are uniformly high, the richest of the hay dust samples 
exceeding any of those for the plant tissues many times over. The 
thresher dust samples run lower, due in part at least to the fact that the 
conditions under which that dust was deposited are more apt to cause a 
loss in arsenic and a concentration of the heavier silicious dusts. The 
samples of hay dust from the Para farm were collected from the stack 
from which hay samples 20 and 31 were taken. The hay averaged 87 
parts of arsenic trioxide per million, while the dust shaken from it averaged 
978 parts. The dust from the Staffanson hay contained 7700 parts of 
arsenic trioxide per million, while the hay itself carried 261 parts. In 
the case of Lappin's hay the dust carried 9190 parts and the hay 50 parts 
per million. Such results indicate clearly that the arsenic is deposited 
on the surface of the plant and is not distributed throughout the tissue. 

A contention which might be raised is that this dust is soil which has 
been blown upon the hay, or which adhered to it during the process of 
curing in the field. Some representative analyses of soil taken to a 
depth of three inches are given in the following table: 

Table IV. — ^Arsenic in Soils. 



Farm. 


Distance. 




Per cent 

AS0O3. 


Staton 


2 miles S. 




0.0019 


Callan 


3 " S.W. 




0.0029 


Para 


4-5 " N.N. 


E. 


0.0043 


BUss 


5.5 " 




0.0061 


Staffanson 


3 




0.0107 



The Para hay dust then carried 22.7 times as much arsenious oxide as 
did the soil. The Lappin hay dust carried 483 times as much as the soil 
sample from the adjoining Staton farm; and the Staffanson hay dust 
contained 72 times as much arsenic as the soil upon which it grew. It is 

' H = Hay. 
2 T = Thresher. 
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extremely unlikely that dust from the soil is any large contributor to the 
quantities of arsenic found in the hay dust. Rather would it appear 
more reasonable to assume that in so far as the soil is present it is a diluent 
which diminishes the percentage of arsenic. Originally the soil of this 
district does not seem to have been arsenical. The top three inches of 
rmcultivated soil will usually afford small quantities of arsenic which 
rapidly vanish at greater depths. A sample of top soil taken from under- 
neath a well built log house erected long before smelting operations 
began in that valley carried only a trace of arsenic, while soil from an 
adjoining field was found to contain 0.0107 per cent, in the top three 
inches. Soil which had never been plowed contained no arsenic what- 
ever at depths of from twelve to fifteen inches, so the arsenic present in 
the top soil would seem to be due wholly to the smelter emanations. 

Samples of snow were scraped from the surface at a time when the 
ground for miles was covered with a sheet which had not yet been dis- 
turbed by the wind. Considerable amounts of soluble arsenic were 
foimd, the arsenic being dissolved in the water formed when the snow 
melted. The appended table gives the analytical results obtained: 

Table V. — Arsenic in Snow. 



Date, 

1906. 


Farm. 


Distance 
and direction. 


Weight 
of snow 
grams. 


Sq.ft. 
surface area. 


Time 
exposed. 


AS2O3 
per sq. ft. 


Per cent, 
of dust. 


2-5 


Para 


5 


miles N. 


925 


6.228 


17 days 


0.00306 


I130 


2-5 


Williams 


4 


" N. 


955 


12.6 


17 days 


0.00026 


0.1690 


2-5 


BUss 


5-5 


" N. 






17 days 


0.00040 


0.2810 


3-18 


Callen 


3 


" S. W. 


808 


13-45 


3 days 


0.00057 




3-18 


BUss 


5-5 


" N. 


604 


6.72 


3 days 


0.00058 





The figures in the column "Per cent, of dust" include the percentage of 
soluble arsenic calculated as if it were a component of the water-insoluble 
dust. 

Early in the fall of 1905 vaselined cloths, each presenting a surface of 
three to eight square feet, were exposed at several points near the smelter. 
One was fastened to each side of a board tablet, somewhat larger than the 
cloth, which was set up on poles about twelve feet above the groimd and 
broadside to the direction of the smoke stream at that place. Thus 
one vaselined cloth faced the smelter and the other faced in the opposite 
direction. In one case (No. 2) a cloth was stretched horizontally above 
the other two with its vaselined surface upward. Samples i and 2 were 
set up September 5th and taken down November 21, 1905. No. 3 was 
set up October ist and taken down March i8th, but the vaselined surface 
was frozen hard and smooth for most of the winter and its efficiency as a 
collecting medium thus greatly decreased. The following data were 
obtained from this experiment : 
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Tablb VI. — ^Arsenic in VasElinbd Cloths. 

AS2O3' per sq. ft. of cloth. 

Direction Distance Facing Facing Facing 

from from No. days upward, smelter, away, 

No. Farm. smelter. smelter, exposed. gram. gram. gram. 

1 Bliss N. 5.5 77 •■■ 0.00052 0.00024 

2 Para N. 5.0 77 0.01194 0.00700 0.00083 

3 Staton S. E. 5.0 169 ... 0.00327 0.00051 

The results admit of only one interpretation, which is that the smelter 
smoke is the source of the arsenic found in such excessive amounts in the 
vegetation of the region about Anaconda. The question of whether this 
is a condition for which there is no remedy is difficult to answer. It is 
doubtful whether the present limited water supply would permit of the 
installation of wash towers, and the large amount of sulphur trioxide 
in the smoke would be destructive to a bag-house system. With its 
present high temperature and velocity the smoke must carry most of the 
arsenic out of the stack. In spite of the use of dry filters and wash towers 
and a consequent low velocity of the smoke, in an effort to meet the re- 
quirements of the amended Alkali Acts of 1892, the average escape of 
arsenic trioxide from the chimneys of arsenic plants in England for the 
past five years has been 0.0028 gram (0.041 grain) per cubic foot.^ 

In the thirtieth annual report^ the Chief Inspector under the Alkali 
Acts wrote: "The inspection of these works {i. e., arsenic works) had 
been much called for by residents in the district where they are found, 
and the necessity for the adoption of remedial measures was shown by the 
frequent litigation brought about by the alleged destruction of cattle 
through eating grass said to be poisoned by the arsenic too freely dis- 
tributed through the air from the chimneys up which it had been carried 
by the draught. The arsenic driven off by the heat of the roasting furnace 
was caught and retained as far as possible, in long flues, culverts, and 
settling chambers, but although these were often of great extent, reaching 
in one place, a length of 2895 feet, or more than half a mile, and having a 
capacity of 60, 795 cubic feet, yet arsenic was always liable to pass away. 
In one case a test of the chimney gases showed the presence of as much 
as 7.40 grains of arsenic trioxide in a cubic foot of gases passing into the 
air, and small flakes of it were seen falling continually in a mild snow- 
shower." The average escape of arsenic trioxide per cubic foot of chimney 
gases from plants provided with wash-towers, or with dry filters made by 
packing large chambers with brushwood, for each year since 1896 was as 
follows : 

1896 0.080 grain 

1897 0.086 " 

1898 0.098 " 

' Annual Reports Chief Inspector under Alkali Acts 1902-6. 
= 30th Annual Report under Alkali Acts (1893), p. 91. 
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1899 0.074 gram 

1900 0.094 

1901 0.083 

1902 0.049 

1903 ' 0.039 

1904 0.053 

1905 0.036 

1906 0.030 

These results attest the difficulty of removing all the arsenic from 
chimney gases even where, as in many of the plants referred to above, 
the furnace gases are cooled by wash-towers and the velocity of the 
smoke is reduced by extensive settling chambers. The smoke proceeding 
from the smelter at Anaconda on the basis of results presented in the first 
paper carries about 0.200 grain per cubic foot, a considerable velocity 
even in the settling chambers and a chimney temperature of 180" both 
interfering strongly with the deposition of the arsenic. The quantity 
which is given off imder the present smelting conditions is not likely to be 
reduced except by the use of a less highly arsenical ore. As the ore 
supply for the Anaconda plant in drawn entirely from the mines of the 
Butte district and the arsenic content of these ores seems to be con- 
stantly increasing as greater depths are reached, the prospect of finding 
a ready solution of the problem is not encouraging. The great value of the 
products lost in the smoke, as shown by the first paper of this series, 
should encourage smelter companies to conduct extensive experiments 
with a view to the mitigation of this evil. 

Table VI.' 

ASjOj. 

Per Parts per 
No. Collected. Sample. Source. cent. million. 

1 July 12, 1907 Grass Everett, 300 ft. S.E. from smelter. . 1.3000 13,000 

2 July 12, 1907 Grass Everett, i mile S. E. from smelter. 0.9400 9,400 

3 July 12, 1907 Poplar leaves Everett, 50 ft. W. from smelter. . . . 4.4000 44,000 

4 July 12, 1907 Grass Everett, 50 ft. W. from smelter. ,. . 0.2300 2,300 

5 July 12, 1907 Grass Everett, 100 ft. N. from smelter. . . 0.2300 2,300 

6 July 12, 1907 Grass Everett, i mile N. from smelter. . . 0.0420 420 

7 Aug. II, 1906 Sunflower leaves, imilefromMurray smelter, Utah o. 1072 1072 

8 Aug. II, 1906 Grass, i mile from Highland Boy smelter, Utah. . . 0.0062 62 

9 Aug. 12, 1906 Alfalfa, I mile from Highland Boy smelter, Utah . 0.0038 38 

10 Aug. 12, 1906 Grass, 2 mile from Bingham smelters, Utah 0.0021 21 

11 Aug. 12, 1906 Grass, i mile from Bingham smelters, Utah 0.0045 45 

12 Aug. 12, 1906 Milkweed, 3 miles from Highland Boy smelter,Utah 0.0027 27 

Incidental to this work in connection with the smelter at Anaconda 
samples of plant tissue have been collected from two other prominent 

' A large number of grass samples from other smelter districts have been anal- 
yzed since the completion of this paper. Many of these contain arsenic in large 
quantities. 
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smelting centers, from Everett, Washington, about thirty miles north 

of Seattle, and from the region a few miles south of Salt Lake City, 

Utah, where several large smelters are in operation.' At both of these 

places complaints of injury to live stock have arisen from time to time. 

Only a few of these samples have been analyzed with the above results. 

The writers wish to express their indebtedness to Dr. John Maxson 

Stillman for suggestions in regard to this work. 

'See Ebaugh, Gases vs. Solids, This Journai,, 29, 951, 970 (1907). 

The Univbrsity of Montana, Missoula, Montana, and Stanford University, California, 

December 28, 1907. 
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THE CHRONIC ARSENICAL POISONING OF HERBIVOROUS 

ANIMALS.' 

(papers on smelter smoke, third paper.) 

By W. D. Harkins and R. B. Swain. 
Received April i, 1908. 

The two outbreaks of supposed arsenical poisoning which have led to the 
most investigation from a scientific standpoint, are the one in Manchester, 
England, in the year 1900, and that in the district surrounding Anaconda, 
Montana, during the year 1902-1903. The former was confined to human 
beings, the latter almost entirely to cows, horses, and sheep. As yet very 
few data have been obtained to show whether or not the effects of the 
^senic in the latter case extended to the human beings who resided in the 
district. 

During the latter part of November, 1902, it was the fortune of one of us 
to travel over about one hundred square miles of the territory surrounding 
the liew Washoe smelter at Anaconda. At that time the carcasses of ' 
several hundred animals that had recently died lay scattered over various 
ranches of the valley, and one ranch was visited where approximately sixty 
carcasses, mostly horses, were seen in a group in one comer of the field. A 
very large number of the animals were dissected, and practically all of them 
gave evidence of arsenical poisoning, either acute or chronic. 

As has been explained more in detail in a former paper, what was called 
the "Old Works" had been in operation for many years on the north side 
of the valley of Warm Springs Creek, in which the city of Anaconda is 
located. In January, 1902, smelting operations were transferred to the 
"New Works," which are located on the south side of the same valley, on a 
ridge extending down from the foot-hills. This ridge projects into the Deer 

' At the New York meeting of the American Chemical Society, December, 1906, 
W. D. Harkins presented a similar paper including only his own work. The first 
paper of this series deals with the amoimt and character of the smoke given off by the 
smelter, and the second treats of the arsenic content of the vegetation. 
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Ivodge Valley in such a way that much more of the smoke from the smelter 
was blown across or into the valley than during former years. 

Although the smelter was in operation during the whole year, few cases 
of serious sickness among live stock were noticed until September, from 
which time the number of deaths increased rapidly until November, when 
a maximum was reached. This is easily understood when the facts of the 
case are considered as presented in the second paper of this series.^ The 
fresh grass of the spring has little time to accummulate arsenic from the 
air, and the summer is a period of rapid growth and frequent rains ; in the 
autumn comes a dry period during which there is no plant growth, so this 
is the most favorable period for a rapid increase in the amount of solid 
substances adhering to the leaves and stems of the plant. During this dry 
period, the farmers were forced to drive or ship a great number of animals 
from the district, and those remaining were stabled and fed upon hay. 
The owners had found from their experience with the symptoms exhibited 
by the animals, that the disease was greatly moderated by changing the 
diet from grass to hay. This was explained by the much smaller amounts 
of arsenic found in the latter.^ 

In 1903 the smelter company had built the great flue and stack described 
in the first paper' in order to prevent the escape of the arsenic. In accord- 
ance with an agreement entered into with the farmers, the smelter was shut 
down from July ist to September 30th of this year, and when the plant was 
started on the latter date the smoke was supposed to no longer scatter 
poisonous substances over the valley, since it was passed through the flue 
intended for its purification. During the summer and autunm of this year 
there were very few cases of death among the animals of the valley and it 
was believed by the residents of the valley that there would be no more 
cases of sickness due to arsenic. 

Two interesting exceptions were investigated in cases where the 
farmers thought that arsenical poisoning had occurred. A drajntnan in the 
city of Anaconda purchased a load of hay, supposed by him to have been 
grown during the year 1903. After feeding the hay to his horses for about 
a week one of them sickened and died, the most marked symptons before 
death being recurrent convulsions. A post-mortem examination showed 
the usual inflamed condition of the stomach, and the presence of a number 
of small ulcers, resembling those frequently observed in cases of arsenical 
poisoning. An analysis of the hay gave 0.0285 per cent. (285 parts per 
million) of arsenic trioxide. Various tissues of the animal were also 
analyzed and the liver found to contain 1.30 milligrams of arsenic trioxide 
to one hundred grams of tissue (13 parts per million). It seemed improb- 

'.This Journai,, preceding paper. 

* Table 3; or Table I, preceding paper. 

' This Journal, 29, 971-3 (1907). 
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able that hay which contained so much arsenic could have been grown in 
the year when the smelter was closed for the three summer months, and 
upon investigation it was found that the hay had been grown about three 
miles north of the smelter during the preceding year. 

In October, a sheep owner who lived about twenty-eight miles from the 
smelter, and in a small valley somewhat protected from the smoke by an 
intervening range of hills, found that his grass was becoming exhausted. 
He rented a low field lying approximately fifteen miles northeast 
of the smelter, arid drove his three thousand five hundred sheep from his 
home to this field, upon which there was a large amount of grass. After 
pasturing there for a week, a number of the sheep became sick, and the 
neighbors advised the owner to drive the flock to a feeding place farther 
from the smelter. On the way home five hundred sheep died, but during 
the next four weeks the mortality diminished. The total loss was six hundred 
and twenty-five animals. The case was investigated by the state veteri- 
narian. Dr. M. E. Knowles, who decided that the sheep had died from acute 
arsenical poisoning. The four samples submitted by him for analysis gave 
the following results: 

Tablb I. 

Number. Organ. Parts AS2O3 per million. 

I Stomach 3 . i 

■i Stomach Trace 

3 Stomach and liver 3.0 

4 Stomach and liver 4 . o 

Claims were made that the sheep had died from poisoning caused by the 
alkali of the soil. A complete analysis of the soil, and a partial analysis of 
the stomachs of the sheep, showed that this was not true. It is a fact that 
the soil was high in the salts of the alkalis, containing 0.70 per cent, soda 
(NajO), 1.38 per cent, potash (KjO), 0.40 per cent, sulphuric acid (SO3), 
0.00306 per cent, arsenic trioxide, o.oi 18 per cent, copper, together with lead, 
a trace of antimony, etc. 

A visit was made to the field to see if the cause of the death of the sheep 
could be determined. The grass was cropped very close to the ground, and 
over the lower part of the field there was a large amount of moss which had 
been greatly disturbed, presumably by the sheep during their feeding. 
On analysis it was found that the grass contained fifty-two, and the moss 
four hundred and five parts of arsenic trioxide in a million. It was there- 
fore a reasonable assumption that the sheep had been poisoned at first by 
eating the grass, and in a greater degree by eating the moss at a time when 
the grass was nearly exhausted. It is probable that the sheep were very 
hungry when they first reached the field as they had lived for some time 
upon a meagre food supply. 

There were no more complaints of serious damage from the farmers, so 
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far as the effects of arsenic were concerned, until late in the autumn of 
1904. It is true, that, while the effects of sulphur dioxide upon the plants 
had been moderated on the average, it had become more severe at many 
points some distance from the smelter. The charge began to be made by 
the fanners that the same was true of arsenic, and that symptons of arseni- 
cal poisoning had again manifested themselves in spite of the use of the 
big flue and stack. Chemical investigations were actively renewed in 
January, 1905, and have continued up to the present time. The results of 
the analyses of smoke and forage have been given in the previous papers 
of this series. A reference to these will show that enormous quantities of 
arsenic were thrown out by the high stack, and that large quantities were 
present on the vegetation. 

Autopsies of a 'large number of animals were made, and many of the 
samples analyzed. Great care was taken with all of the analyses so that 
quantitative results of considerable accuracy might be obtained, and some 
of the precautions used will be described in a subsequent paper. The 
methods were first tested by analyses upon known amounts of arsenic. 
Various substances were used in the decomposition of the tissue, but the 
methods of Fresenius, von Babo, and Chittenden-Donaldson were adopted 
almost exclusively. All reagents were scrupulously purified from the 
most minute traces of arsenic, and were tested very frequently during the 
course of the analyses. All of the glassware, glass tubes, rubber tubes, por- 
celain-ware, etc., were tested to see if they would give traces of arsenic 
when used in the maimer necessary for the tests. Berlin porcelain was 
used to the exclusion of glassware, except for the Marsh apparatus, which 
was made of Jena glass. 

A modified Chittenden method which was much used in cases where 
little fat was present, consisted in putting 100 grams of the sample into a 
large casserole, and adding 100 cc. of nitric acid. The mixture was stirred 
frequently until it had become liquid, and was then heated on an asbestos 
board which rested on an electric stove. After heating for a half hour 
longer the solution was cooled, and thirty cubic centimeters of concentrated 
sulphuric acid added. The solution was heated until it began to turn 
brown, and then the steam of a dropping funnel was introduced through 
a hole in the watch glass cover, and nitric acid allowed to drop into the hot 
solution just rapidly enough to keep it from turning dark. After this 
addition has been kept up for some time, the solution could be evaporated 
(while adding nitric acid drop by drop) until the fumes of sulphuric acid 
appeared, without a blackening of the solution. A part of .the sulphuric 
acid was then evaporated, nitric acid being occasionally added. The 
cooled solution was diluted and re-evaporated in order to remove oxides of 
nitrogen which might be present, and the cooled and diluted solution used 
for the determination of the arsenic by a modified Marsh method. The 
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generator was kept active for six hours, stannous chloride being used to 
increase the activity of the zinc. It was fotmd that this length of time was 
essential where weighable quantities of arsenic were determined. The 
best results were obtained by the use of a special fire-brick furnace with 
four very large burners. A second hard glass tube lying in a second 
furnace was connected with the first in order to test the completeness of 
the decomposition of the arsine, and arsenic was always found in this 
tube in cases where action in the generator became at all rapid. 

The results of the analyses of a part of the animal samples are given in 
Table 2. 



Table 2.- 


—Amounts oif 


Arsenic in 


THE Tissues of Animals. 


No. and organ. 


Date. 


Animal. 


Distance. 


Parts AS2O3 per million. 




1902 










I L 


Sept. 


Horse 


3 


NW 


4-7 


2 L 


Sept. 


Horse 


2 


SSE 


1 .1 


3 L 


Sept. 


Horse 


5 


SE 


2.8 


4 L 


Sept. 


Horse 


5 


SE 


0.8 


5 L 


Sept. 


Cow 


3 


E 


II-3 


6 L 


Sept. 


CaU 


3 


S 


6.2 


7 h 


Sept. 


Calf 


I. 


5 S 


0.4 


8 L 


Sept. 


Calf 


X . 


5 S 


0.3 


9 L 


Sept. 
1903 


Steer 


3 


NE 


8.6 


10 S 


Oct. 


Sheep 


15 


NNE 


31 


II S 


Oct. 


Sheep 


15 


NNE 


Trace 


12 L&S 


Oct. 


Sheep 


15 


NNE 


0.7 


13 L&S 


Oct. 


Sheep 


15 


NNE 


4.0 


14 L 


Oct. 
1905 


Horse 


I. 


5 NE 


13.0 


15 L 


Jan. 


Filly 


3 


N 


O.OI 


16 Lu 


Jan. 


Geld 


5 


E 


7-1 


17 s 


Jan. 


Geld 


2 


SW 


0.01 


18 L 


Jan. 


Cow 


6 


SE 


3-3 


19 L 


Jan. 


Geld 


4- 


5 NNE 


35-0 


20 K 


Jan. 


Mare 


14 


NNE 


13-3 


'21 L 


Jan. 


Colt 


2 


S 


2.6 


22 L 


Jan. 


Cow 


3 


SW 


1.6 


'23 L . 


Jan. 


Cow 


3 


SE 


2.1 


24 L 


Jan. 


Cow 


5 


NE 


II. 9 


25 L 


Jan. 


Cow 


5 


NE 


10.3 


26 L 


May 


Steer 


13 


NNE 


O.OI 


27 L 


May 


Cow 


6 


N 


O.OI 


28 L 


Nov. 


Cow 


13 


NNE 


10.00 


29 L . 


July 


Cow 


2 


S 


7-4 


•30 L 


Jan. 


Sheep 


8 


N 


O.OI 


' The shoulder of colt 21 was 


covered with 


a green 


fat which contained 288 parts 


of copper to the million. Sample 


30 L contained 592 parts ; and 


sample 23 L, 88 parts 


of copper to the million. 
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Table 2 (Continued). 

Animal. 

Sheep 
Calf 
Calf 
Calf 

Geld 

Geld 

Mare 

Geld 

Horse 

Horse 

Mare 

Geld 

Mare 

Mare 

Geld 

Geld 

Filly 

Filly 

Mare 

Mare 

FiUy 

Horse 

Mare 

Mare 

Horse 

Mare 

Geld 

Colt 

Colt 

Colt 

Colt 

Colt 

Colt 

Colt 

Colt 

Colt 

Cow 

Cow 

Cow 

Cow 

Cow 

Cow 

Cow 

Cow 

Cow 

Cow 

Steer 

CaU 



No. and organ. 


Date. 


31 L 


Jan. 


32 L 


Jan. 


33 L 


Jan. 


34 L 


Feb. 




1906 


35 L 


Nov. 


36 L 


Oct. 


37 h 


Aug. 


38 L 


Aug. 


39 L 


Aug. 


40 L 


Aug. 


41 L 


Jan. 


42 L 


Sept. 


43 K 


Jan. 


44 L 


Jan. 


45 L 


Jan. 


46 L 


Jan. 


47 L 


Feb. 


48 L 


Feb. 


49 L 


Feb. 


50 Br 


Feb. 


51 H 


June 


52 L 


Mar. 


53 h 


Aug. 


54 B 


Aug. 


55 L 


Sept. 


56 L 


Sept. 


57 L 


Sept. 


'58 K 


Feb. 


59 L 


Feb. 


60 L 


Feb. 


61 L 


July 


62 L 


July 


63 L 


Nov. 


64 L 


Oct. 


65 L 


Aug. 


66 L 


July 


67 L 


Feb. 


68 L 


Feb. 


69 L 


Nov. 


70 1/ 


July 


71 K 


July 


72 L 


July 


73 L 


Nov. 


74 U 


Nov. 


75 L 


Nov. 


76 L 


Nov. 


77 I. 


Jan. 


78 L 


Oct 



Distance. 


Parts AS2O3 per million. 


3 


N 


6.8 


2 


S 


1-5 


3 


SW 


6.5 


2 


S 


1-3 


3 


S 


6.0 


4 


N 


3-4 


4- 


5 NE 


4-4 


1 . 


7 SSW 


3-9 


5 


NNE 


16. 1 


5 


NNE 


9-5 


5 


NNE 


1-3 


4- 


2 NNE 


14.8 


15 


N 


2.1 


15 


N 


8.7 


10 


NNE 


7.6 


3 


N 


5-3 


4- 


5 NNE 


3-1 


5 


N 


17.8 


4- 


5 NNE 


8.7 


4- 


5 NNE 


4-5 


4- 


2 NNE 


460.0 


I . 


ss 


20.7 


12 


NNE 


4-99 


12 


NNE 


20.67 


4- 


5 NNE 


Trace 


6. 


5 SE 


52.5 


4- 


5 NNE 


3-3 


4- 


5 NNE 


19.8 


10 


NNE 


Trace 


4- 


5 NNE 


25-5 


3 


NNE 


31-7 


2 


S 


4-4 


9 


NNE 


2.6 


2 


S 


4-7 


8 


NE 


2.2 


8 


NNE 


1 . X 


10 


N 


II. 8 


3 


SSE 


33-8 


13 


NNE 


10. 


3 


N 


14.2 


3 


N 


6.2 


3 


N 


63.12 — 


3 


SSE 


9.2 


3 


SSE 


16.0 


10 


NNE 


1 .2 


4- 


2 NNE 


10.4 


5 


E 


5-4 


I . 


7 SW 


16.2 
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Table 2 {Continued). 
No. and organ. Date. Animal. Distance. Parts AsjOj per million. 

79 L Feb. Calf 3 SSW 6.3 

80 L Jan. Sheep 10 N 8.9 

81 I, Aug. Sheep 4-2 NNE 5-o 

82 L Sept. Pig 1.7 SSW Trace 

L represents a sample of the liver; B, of the bone; Lu, of the lungs; U, of urine; 
H, of hair; K, of kidney; Br, of brain; S, of stomach. The animals represented by 
samples i to 42 were more emaciated on the average than those represented by sam- 
ples 43 to 82. 

The number of parts per million multiplied by seven-tenths gives the 
number of grains of arsenic trioxide to one hundred potmds of tissue. In 
this way a comparison may easily be made with the recommendation of the 
Royal Commission on Arsenical Poisoning:^ 

"In our view it would be entirely proper that penalties should be im- 
posed under the sale of Food and Drugs Acts upon any vender of beer or 
any other liquid food or of any liquid entering into the composition of 
food, if that liquid is shown by an adequate test to contain 1/ 100 of a grain 
or more of arsenic in the gallon ; and with regard to solid food — no matter 
whether it is habitually consumed in large or small quantities, or whether 
it is taken by itself (like golden syrup) or mixed with water or other sub- 
stances (like chicory or 'carnos') — ^if the substance is shown by an ade- 
quate test to contain i/iooth grain of arsenic or more in the pound." 

According to this recommendation a large number of the samples of 
liver given in Table 2 would be considered as deleterious when taken as 
food by human beings, and in one case a cow's liver contained forty-three 
times the maximum amount allowed in food by the commission. Flesh 
and also milk were found which exceeded the limit prescribed by the com- 
mission. 

The livers of animals, according to Table 2, contained from a trace to 
63.12 parts of arsenic trioxide to one million parts of tissue. The maxi- 
mum number was obtained in a case of acute poisoning which occurred 
about three miles north of the smelter. This seems a strange case when it 
is considered that, although the grass of the ranch has usually contained 
a large amount of arsenic, at the time the cow died the percentage was 
relatively low, being between thirty and forty parts to the million. 

An effort has been made to trace a relation between the quantity of 
arsenic ingested with the food, and that contained in the livers of the 
animals, but this has been impossible. It is true that the amounts of 
arsenic are larger on the average in cases where the animals were kept close 
to the smelter, but it is obvious that the condition of the animal is the 
more important factor in determining the amount of arsenic retained by 
the tissues. 

'■ Final Report Royal Commission on Arsenical Poisoning, p. 50 (1903). 
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The amounts of arsenic present in the organs of the animals is in many 
cases small, yet no smaller than might reasonably be expected in chronic 
arsenical poisoning following the repeated and regular administration of 
moderate doses of arsenic. Before the time of this investigation, very 
little experimental work had been done on horses and cattle in which 
accurate analyses had been made of the organs following arsenical poisoning. 
In a case reported by the Russian Minister of the Interior, the liver of a 
cow which had been fed considerable amounts of arsenic for a period of six 
months, contained 0.13 part of arsenic per million. Spallan7ani and 
Zappa' fed a cow from 0.4 to 0.5 gram (6 to 8 grains) of arsenic trioxide 
daily for 44 days and the following results in parts of arsenic per million 
were obtained from an analysis of the viscera: — stomach, 19; liver, 11; 
kidneys, 4.5; spleen, 7.6; lungs, 3; muscles, 3.8. 

In order to see how the results of Table 2 would compare with those 
obtained from animals killed by arsenic, and also in order to secure data 
as to the poisonous dose, horses were fed upon arsenic in different forms. 
The doses given were large as the time for the experiments was very short. 
A horse was fed upon flue dust containing a total of 20.65 per cent, of arsenic 
calculated as trioxide, and 17.89 per cent, of soluble arsenic, also calculated 
as trioxide. Considering only the soluble arsenic, the horse was fed two 
grams of arsenic trioxide for eighteen days in addition to hay containing 
about 0.0030 per cent. In the liver was found 3.5 parts, and in the kidneys 
18.0 parts per million, an amount for the liver which was less than the 
average of the values given in Table 2. A second horse was given 2.8 
grams (o.i oz.) of arsenic trioxide in two doses, on the first day mixed with 
bran, and on the second ingested as a drench. On the fourth day the 
animal died, and on analysis the liver was found to hold 8.7 parts per 
million. A third horse died on the third day after having been given two 
doses of 7.5 grams each, one on the first, and one on the second day. The 
liver contained 12.2 parts, while that of a sheep which had been fed arsenic 
for some weeks contained 11.9 parts to the million. 

In taking samples during the first few years of the case, the more emaci- 
ated animals were usually selected, but beginning with January, 1906, a 
larger number of those that were fat and in a seemingly good condition 
were chosen. The result of this change of policy is shown in the table, 
where the average content of arsenic for 1906 is much higher than for pre- 
vious years. 

The elimination of arsenic probably begins very early and persists during 
the whole period of its absorption. In the human subject it often appears 
in the urine within five hours after ingestion, and may continue to be 
eliminated for thirty days after the last dose is taken. This is tmusual, 
however, fifteen days usually sufficing to remove almost all of the arsenic 
' AnnaL.di Agricoltura, 131, 25, 
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from the human system. The difficulty in finding in the tissues any con- 
siderable amount of arsenic — an amount for example, sufficient to prove 
on the basis of a chemical analysis alone that death was due to arsenical 
poisoning, lies here. And where the case is one of, chronic poisoning ex- 
tending over a long period, and caused by a fairly constant amount of the 
poison being ingested daily, the isolation of an amount approximating a 
toxic dose is often impossible, simply because a really toxic dose was never 
taken at one time, and what was taken was partly excreted by the kidneys 
even before its absorption from the stomach and intestines was complete. 

The proof of poisoning is complete, (i) "when the symptons known to 
be caused by the poison have been observed during life ; (2) when the post- 
mortem examination shows the presence of such lesions as it is capable of 
producing, and the absence of other causes of death ; (3) when the toxic 
agent is demonstrated to be present in the cadaver or dejecta of the animal 
poisoned." It is not always possible to present evidence along all these 
lines, for it has often occurred, even with a poison so prompt in its action 
and of such certainty of detection as arsenic, that life may be prolonged 
for a sufficient length of time to permit the total elimination of the poison, 
and death results from its action by a continuation of the morbid processes 
which it established. Again one of the symptoms of chronic poisoning 
through arsenic is loss of appetite, so that often during the last few weeks 
or days of life, little or no food is taken. Then where the poison accom- 
panies the food, and is proportionate to it in amount as in the cases at issue 
in this investigation, failure to take any considerable amount of food during 
the last few weeks of life, stops the ingestion of the poison and allows the 
system to expel all or nearly all the substance before death ensues. In 
certain of the cases given in Table 2, animals apparently in a diseased 
condition were slaughtered. This was true of cow 31, whose liver showed 
6.8 parts of arsenic trioxide to the million, or a total of 0.5 grain for the en- 
tire organ. It also carried 1.5 grains of copper. Though considerably 
emaciated, the large quantity of food in the stomach showed that the ani- 
mal had not lost its appetite, and this was substantiated by the statement 
of the owner. A sheep from ten miles north of the smelter, on the other 
hand, though slaughtered, was virtually in a dying condition, and had 
evidently partaken of but very little food for some time. Only a slight 
trace of arsenic could be detected in the liver, but a surprisingly large 
amount of copper was present. Still the animal was undoubtedly suffering 
from arsenical poisoning, and the reason so little arsenic and so much copper 
were found is that arsenic is rapidly eliminated while copper is very slowly 
excreted, being retained mainly by the liver. In some of the cases very 
large amounts of copper were found in the fat, a part of which had a green- 
ish tinge. 

Moderate amoimts of arsenic continuously administered, cause an in- 
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crease in body weight and much increased storage of fat between the 
muscles as well as around the kidneys. WTiile this is true in general of all 
animals it is notably true of herbivorous animals. In minute doses arsenic 
improves the appetite and increases both the motions and secretions of the 
stomach and duodenum; and since there is no considerable accumulation 
of arsenic, due to its rapid elimination through the excretory channels, 
medicinal or smaller doses may be administered daily over a prolonged 
period without showing harmful effects. 

Reliable data on the subject of the arsenical poisoning of live stock are 
very meagre, and most of the statements found in the usual text books are 
so conflicting that a definite conclusion as to what may be considered a fatal 
dose of arsenic for a horse, cow, or sheep, cannot be reached through them 
alone. Much of the most reliable work has appeared in the chemical jour- 
nals. 

Spallanzani and Zappa ^ fed moderate amounts of arsenic continuously to 
a "Durham" cow for 46 days, when death resulted. From 0.5 to 3.0 
grams (7.7 to 46.3 grains) of arsenious oxide were administered daily, 
the dose being gradually increased to the maximum of 3 grams, when the 
animal died. Spallanzani concludes from this and other experiments 
that cattle will take without injury, over indefinite periods, doses of 0.5 
to 0.7 gram (7.7 to 10.8 grains) of arsenic trioxide per day, and may indeed 
increase in weight under it. They first show toxic symptoms with doses 
of I gram (15.4 grains) per day. The maximum non -toxic dose for cattle 
is given as about 0.00015 part of arsenious oxide per day for 100 /, -i'« 
parts body weight, or 10.5 grains per day for an animal weighing 1,000 /rj 
pounds. 

The results cited in the last paragraph are well in accord with the re- 
sults of the investigations of the writers as made on the animals of smelter 
districts. A review of the literature of the subject reveals such great 
discrepancies in regard to the fatal dose that it is almost impossible to 
believe all of the results cited. On the one hand, we have the work of 
Cameron^ which shows that ten cows were killed by one dose for each 
cow, of 8.4 grains of arsenic trioxide in the form of sodium arsenite. In 
contrast with this case, which seems to be authentic, we have the state- 
ment attributed to Hertwig* that he gave arsenic to eight different horses 
in doses beginning with twenty grains but increasing to a dram, and 
continued these doses for from 30 to 49 days with no bad effects, in fact, 
"the condition was improved." 

On account of the unsatisfactory state of the literature of this subject, 
it was decided to inaugurate further experiments to test the effects of 

' Annal di Agricoltura, 131, 25. 

^ Analyst, 1888. 

" Veterinarian, 1843, p. 345. 
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different doses upon cows and horses. However, at this time it was not 
found possible to meet the expense of such an undertaking, so the work 
was done upon sheep. 

Results of Work on Sheep. — Four of the healthiest sheep were chosen from 
a flock of several htmdred. They were fed upon local arsenic-free hay at 
Palo Alto, California, and the doses given in starch capsules as follows: 

Table 3. 



Dose. 
Arsenic trioxide. 

I o. 181 gram twice a day 

2 0.123 gram once a day 

3 0.055 ,gram once a day 

0.021 
4 or gram once a day 

0.090 



Weight at //■/) 

beginning. Z'"^''"' Form of arsenic. 

95 lbs. /^ 3.1 1^ Arsenic trioxide 

87 . 5 lbs. 3?i Ty Sodium arsenite 

ri5 lbs. 5^?, 3 Sodium arsenite 

90 . 5 lbs. /^/ j Sodium arsenite 



J.I 
0, 3-/ 



The results of this experiment are given graphically in Fig. i. Sheep 
No. 4 was given daily doses of 0.021 gram for 35 days, when an increase to 
0.090 gram was made, because it was believed that upon the smaller 
dose the sheep would not die before the conclusion of the experiment at the 
end of ninety days. This was the only sheep that did not die, but that 




Fig. I. — Effect of arsenic trioxide on the weight of sheep. 
NOTEr^Curve I is raised ten units of weight in order not to interfere with Curve IV. 
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death would have resulted soon after the expiration of the time set for the 
close of the experiment is evident from the curve (IV) which shows a 
rapid decrease in weight toward the end of the period. 

The experiment shows that 46 milligrams (o . 7 grain) of arsenic trioxide 
per day, administered in the form of arsenite of sodium, to 100 pounds of 
body weight, is sufficient to cause the death of a sheep. The perfectly reg- 
ular way in which the arsenic reacted upon the sheep as expressed in the 
curves of the body weight, at least suggests strongly that the result was not 
due to individual susceptibility. 

The case of sheep No. 2 was an instructive one. It was given a dose of 
o . 123 gram per day for twenty-five days, and lived eight days longer be- 
fore death ensued. No food was taken during the last thirteen days, and 
practically none for eighteen days, though fresh food was offered three 
times each day. During the eighteen days the animal was practically in a 
comatose condition, suffering no pain, and reclining upon its side most of 
the time. On dissection the intestines were found absolutely empty, since 
an attack of diarrhea had lasted for eight days, while the stomach was 
greatly distended and packed with solid food. Digestion had been ab- 
solutely suspended for a long time, and decomposition of the stomach lining 
had already begun. At the beginning of the feeding the animal weighed 
87.5 poimds, and at the end 56 poimds, of which eight pounds was undi- 
gested food packed in the stomach. A number of the doses of arsenic were 
found undigested in this organ. To each million parts the liver contained 
a trace, the tissue of the stomach 3.0 parts, and the brain 4.2 parts, cer- 
tainly a peculiar distribution of the poison. Evidently little arsenic had 
gone into the circulation from the stomach for a considerable period, so the 
liver had been able to eliminate most of the arsenic. The post-mortem 
appearance of the organs of the sheep, taken as a whole, was that of acute 
rather than long standing chronic arsenical poisoning. 

The question of the amount of arsenic which will kill a farm animal, if 
fed daily, is a" very important one to the chemist who undertakes to 
investigate the conditions existing in smelter regions. The effects de- 
pend so greatly upon the conditions that even after such an extensive in- 
vestigation as that carried out by the veterinarians, pathologists, bacteri- 
ologists and chemists, upon the present case, no very definite statements 
can be made in regard to this point. A study of Table i of the second paper 
of this series will give some idea of the poisonous dose, for on almost all of 
the ranches listed, animals have been supposed to die from arsenical poison- 
ing. On the other hand, there is almost no place in the farming district 
where some of the animals will not survive. As has already been indicated, 
there is comparatively little sickness during the late spring and summer, 
but by November a large number of animals are affected, if they are allowed 
to'run upon the pastures. 
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The following table gives the average amounts of arsenic trioxide in the 
grasses analyzed during the last three years : 

Table 4. — Average Amounts op Arsenic Trioxide in Grass and Hay. 

AS2O3 in parts per million. Grains to 25 pounds food. 

Year. Grass. Hay. Grass. Hay. 

1905 106 45 18.6 7.9 

1906 155 42 21-7 7-4 

1907 100 . . 17.5 

The column "Grains to 25 pounds food" is supposed to represent the 
amount of arsenic taken in a day's feeding, since this is the amount of dry 
matter in the daily ration for this region. On the average, then, the daily 
ingestion of arsenic is about 20 grains for grass, and 7 . 5 grains for hay. 
The amount varies from a minimum of i . 75 grains for young meadow grass 
taken two miles south of the smelter, to 271 .4 grains for a sample taken in 
the smelter field one fourth mile from the old low stacks. The average for 
the grass is interesting in comparison with the statement of Spallanzani 
and Zappa, that one gram (15.4 grains) per day is the minimum amount 
which can give rise to the toxic symptoms in cattle. 

The farmers claim that animals which are shipped into the valley suc- 
cumb more quickly than those that have lived for some time in the district, 
and this is undoubtedly true. It might be assumed that this means the 
animals able to survive are those of great individual resistance and tolerance 
with respect to arsenic, an assumption which is true in part ; but, in addi- 
tion to this, there is little doubt that tolerance is gradually established to a 
certain extent by the use of the poison, as is the case with human beings. 

In order to see what proportion of the arsenic in the plants would be 
soluble in the digestive juices of the animals, and thus act as a poison, two 
digestion experiments were made. A sample of hay or grass, 300 grams, 
was digested at 38° C. for two days with a glycerol extract of the mucus lin- 
ing of the abomasum, the mixture being made acid with hydrochloric acid. 
Then the liquid was made slightly alkaline with sodium carbonate, digested 
five days with the glycerol extract of two pancreas glands, and toward the 
end of the time putrefactive bacteria were added. The results were as 
follows : 

Grass. Hay. 

5 mi. N. 4 mi. N. 

Percentage of soluble AsjOj 0.0242 0.0058 

Percentage of insoluble AsjOj 0.0019 0.00114 

Total per cent. AsjO, 0.0261 0.0069 

Percentage of total arsenic which is soluble 92 . 6 83 . 6 

The greater amoimt of arsenic is undoubtedly in a poisonous form. 

The Distribution of Arsenic in the Organism. — Several animals were sam- 
pled in such a way that portions of nearly every organ were taken, but only 
one set of data will be presented — for a case in which the distribution 
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seemed normal in comparison with our other results, although the amoimt 
of arsenic is lower than the average. On November 4, 1906, a horse was 
killed and sampled. In general condition, the animal was unthrifty, and 
its coat was very rough. The clinical symptoms were redness in the stom- 
ach and intestines, congestion of the lungs and pleura, congestion of the 
brain and bladder, slight congestion of the kidneys, catarrh of the intestines 
and an enlarged spleen. The results of the analyses of the organs are pre- 
sented in Table 5. 

Table 5. — The Bistribution of Arsenic in the Tissues of a Horse in a Case of 

Chronic Poisoning. 

AS2O3 In parts 
No. Food or organ. per million. 

1 Grass No. 1 45.oo 

2 Grass No. 2 107 . 00 

3 Dust from hay 9190.00 

4 Ulcer in nose 658.00 

5 Contents stomach wet 25 .00 

6 Contents stomach dried 398 .00 

7 Urine 5900 

8 Hair of tail 58 . 00 

9 Liver 6.00 

10 Thyroid gland 6.00 

1 1 Stomach 4. 70 

12 Spleen 4.60 

13 Pancreas 4- 40 

14 Small intestines 4.00 

15 Brain 3.30 

16 Spinal cord 2 . 60 

17 Muscles 2 . 50 

18 Lungs 2.20 

19 Bones 2 . 20 

20 Heart :i . 10 

21 Bladder i . 40 

22 Kidney i . 40 

23 Right parotid o. 80 

24 Fat 0.70 

25 Suprarenal 0.06 

26 Fluid around heart 0.05 

27 Blood 0.03 

The horse had fed upon grass and hay containing from twenty to forty-five 
parts of arsenic trioxide to the million for a period of some months, and for 
three days had been eating grass containing 107 parts. For several years 
it had been fed upon grass and hay containing arsenic in varying amounts. 
Dust shaken from the hay stack in the field where the horses were pastured 
for three days, contained 9190 parts of arsenic trioxide. 

Arsenic in Milk. — ^Ten samples of milk, most of them mixtures from sev- 
eral cows, were obtained by milking directly into bottles provided with 
glass stoppers. The analyses gave : 
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Table 6. — ^Arsenic in Milk. 



STo. 


Date, 1906. 


Distance from 
smelter. 


No. of cows. 


Parts AsjOg 
per million. 


Grains to 
100 gallons. 


I 
2 

3 
4 


Sept. 21 
Nov. 3 
Nov. 3 
Nov. 3 


4.5 NNE 
3 E 
6 NNE 
4-5 NNE 


5 
I 
I 

2 


2.94 
0.47 
0.70 
0.18 


17.7 
2.83 
4.00 
1.08 


5 


June 28 


4.5 NNE 


I 


1.40 


8.42 


6 


June 27 


5 E 


I 


1. 00 


6.02 


7 
8 


July 2 
June 28 


3 SE 

3 N 


I 
5 


4.20 
340 


25.28 
20.47 


9 


June 23 


3 W 


I 


5-70 


34 30 



The Arsenic Content of Ulcers of the Nose. — A complaint among the horses 
of smeher regions called the "sore nose" has been observed by the writers 
in the Anaconda and Salt Ivake regions. It is also reported that the same 
disorder is found in Great Falls, and among the horses of the smelting 
region in Cornwall. Of the persons who worked on the sinelter stacks in 
determining the arsenic content of the smoke, two became affected with an 
arsenical rash upon the face, while the nostrils of the third were almost 
closed by a swelling caused by the irritant action of the flue dust. In the 
case of horses, one nostril may become closed almost absolutely on account 
of an ulcer which forms on the lower portion of the nasal partition. Sev- 
eral of these ulcers were taken from the nostrils of different horses and 
analyzed with the following results : 



No. 


Distance. 


Parts AsaOs. 


No. 


Distance. 


Parts ASjOj. 


I 


2 miles S 


254 


4 


2 miles S 


902 


2 


4.5 miles NNE 


587 


5 


3 miles SW 


545 


3 


3 miles SE 


1015 









Undoubtedly the highly arsenical dust from the hay and grass lodges in a 
fold of the nostril and irritates the mucous membrane until the nose scab is 
formed. The dust from the hay of the ranch where samples 3 and 5 were 
obtained, contained 9190 parts of arsenious oxide per million. 

In order to see if the cases observed in Salt Lake could be due to this 
cause, samples were taken in different parts of the district. These samples, 
taken September 3, 1905, contained from ten to sixty parts of arsenic tri- 
oxide to the million, results which would indicate that sufficient arsenic is 
present to cause the observed effects.* 

Arsenic in the Hair. — According to the evidence of Mann^ arsenic is local- 
ized in and eliminated by the hair. Large amounts of arsenic were found 
in the hair of animals of the Anaconda region. The hair of the tail of one 
horse contained fifty-eight parts of arsenic trioxide to the million, an 
amount ten times as great as that found in the liver. The hair of a colt con- 
tained 605 parts, the liver 4.4 parts, and the bone 13.2 parts, while the 
' For other results from this district see preceding paper, Table VII. 
' Report of the Royal Commission, p. 13; and Minutes of Evidence, Vol. i, p. 139. 
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grass in the field where the colt was feeding contained only ten parts per 
million. The hair of a filly pastured five miles north of the smelter gave 
460 parts of arsenic. The case is more complicated than those investigated 
in England, since an unknown fraction of the arsenic in the hair was un- 
doubtedly deposited from the atmosphere. Nevertheless, the results are 
striking and important. 

Normal Arsenic. — Attempts have been made to show that the amounts 
of arsenic present in the tissues of the animals of smelter regions represent 
what may be called normal arsenic. This is certainly a perversion of the 
conclusions of Gautier and Bertrand, for the results obtained by them were 
of a totally different order of magnitude from those obtained in forensic 
cases ; and they found arsenic only in the thyroid, thymus, brain and skin. 
Even these results have been criticized by Kunkel, ' Hodlmoser,^ Cemy,' 
Stevenson and Matm.* The latter writers claim that the arsenic present is 
wholly adventitious. 

No attempt was made by the writers to test Gautier's conclusions, but 
about forty-five livers from Palo Alto, California, New York City, and 
Missoula, Montana, were analyzed, using samples of from one hundred to 
eight himdred grams. Using tests which would detect the presence of 
i/iooo mg. of metallic arsenic, in no case was arsenic found. This is suffi- 
cient proof that the question of normal arsenic need not come into smelter 
smoke investigations. 

Symptoms. — ^The following three examples may be taken as typical cases 
which together exhibit the range of important symptoms which have ap- 
peared in connection with arsenical poisoning in the Deer Lodge Valley. 

Case (a). — The first example is that of a roan mare owned by a farmer 
living about eight miles north of the smelter. She was eight years old, 
weighed thirteen hundred poimds, was sleek and fat, and so far as outward 
appearances went, perfectly sound. The owner stated in answer to ques- 
tions, that the animal had fed rarely on pasture but almost entirely on hay, 
of which she ate much more than the average ration. For nearly a year, 
however, she had been failing in strength, and was no longer able to do an 
ordinary day's work, profuse perspiration and total exhaustion following 
any vmusual exertion. An examination showed a "sore nose ' ' scar in one 
nostril. 

The animal was shot and the autopsy made immediately thereafter. 
The urine was white in color and heavily sedimented; the heart "flabby" 
and larger than normal ; the lungs were covered with a mattery adherent 
exudate and were "flabby,"' due to the blocking of the bronchii with a 

' Z. physiol. Chem., 44, 511-529 (1905)- 

= Ibid., 33, 329-344 (1901). 

^Ihid., 34, 408 (1901). 

* Minutes of Evidence, Royal Commission on Arsenical Poisoning. 
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yellow caseous substance, and the escape of air into the tissues ; the liver 
weighed 1 7 pounds, 7 pounds above normal ; the mucous membrane of the 
stomach was reddened over certain areas in the fundus ; the small intestines 
showed a great many extensive diffuse red patches; the large intestines 
were generally badly reddened, and here and there distinctly eroded. An 
unmistakable odor of garlic was observed when the intestines were opened. 
The mucous membrane of the uterus and bladder was notably reddened, 
and the right ovary was gorged with a deep red gelatinous substance. The 
bone marrow was of a deep yellow color, due to a quantity of yellow oil 
which filled the interstices and retained its liquid character at ordinary 
temperatures. 

Case (b). — The second is a colt, one year old, which was posted two miles 
south of the smelter on July 3, 1906. It began to appear unthrifty during 
the fall of the preceding year while on the hill pastures, and at no time 
thereafter did it show a normal growth. The autopsy showed that this 
was a case of remote chronic rather than of acute poisoning. The secreting 
mucous membranes throughout the body were reddened in patches, but 
only slightly. The hair was shaggy and lusterless, and the whole organism 
weakened and emaciated. 

Case (c). — ^The last case is that of a colt, eleven months old, which had 
developed normally during the sucking period of six months, when it was 
weaned and removed to an adjoining pasture early in the month of March. 
From that time until July ist it subsisted on hay from a stack in the field. 
On the date mentioned, following an effort to rope it, the colt had a "fit" 
and died in convulsions. The stomach showed three distinct, crater-like 
ulcerations and extensively irritated areas, especially in the folds. The 
lungs were badly discolored as in necrosis or fatty degeneration. The 
organ was certainly badly affected, and as soft as a partially decomposed 
organ. The intestines were highly inflamed, often for five to eight inches 
in one place, and the whole of the small intestine was covered with inflamed 
patches. 

The first of the cases cited is apparently one in which the arsenic showed 
its usual stimulating action, strengthening the appetite, promoting the di- 
gestion, causing the deposition of much intestinal fat and giving a sleek 
appearance to the subject. The action was proceeding beyond this stage 
however, and a breaking down of many of the organs was in evidence. 
This was a case of progressive chronic poisoning, shown further by the 
large amoimts of arsenic in the bone (20 . 67 parts per million). 

The second case seems to be one of true chronic poisoning which evidently 
took another course, the stimulating effect being constantly overshadowed 
by the more destructive action of too large doses. The organism was too 
weak to recover, even after loss of appetite reduced the ingestion of the toxic 
agent to a minimiun. The stomach was nearly empty, and the liver carried 
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only very small amounts of arsenic, while the storehouses for arsenic in the 
organism, the bone and hair, showed excessive amounts. The analytical 
results were: hair, 605 parts; bone, 13.2 parts; liver, 3. 3 parts; and heart, 
1 . 7 parts of arsenic trioxide per million. 

The third case is one of recent chronic poisoning, leading rapidly to a 
culmination in a way truly characteristic of the substance. The liver of 
this colt contained 31.7 parts, and the kidneys, 2 . 4 parts of arsenic trioxide 
per million. 

During a considerable time the writers were associated in this work with 
Dr. D. E. Salmon, of the Bureau of Animal Industry, who very kindly 
prepared an outline of the more prominent symptoms of the animals as they 
appeared to him, for use in this publication. These are given as follows : 

Symptoms of the Chronic Arsenical Poisoning caused by the Vegetation 

of Smelter Regions. 

Horses. — i, Raised red line at the base of incisor teeth; 2, breath of a 
garlic odor; 3, loss of spirit, vigor, and endurance; 4, falling of hair; 5, 
retention of old hair; 6, ulcers of the nose; 7, weakness and impercepti- 
bility of pulse ; 8, erosions on the outer side of gums ; 9, puffiness above 
the eye; 10, rough lusterless hair; 11, partial paralysis of hind limbs; 12, 
with more acute form: (o) Difficult breathing, (6) labored action of heart, 
(c) dilation of pupils of the eyes, (d) partial paralysis of the diaphragm 
and costal breathing. 

Cattle. — I, Shrinkage of milk within a day or two after smoke has been 
over pastures; 2, salivation and drooling; 3, constipation; 4, rough 
scurfy coat; 5, eyes red, inflamed, and weeping; 6, loss of appetite; 7, 
diarrhea when disease becomes more pronounced; 8, tucked up abdomen; 
9, loss of flesh; 10, weakness, loss of vigor; 11, cough; 12, breath of gar- 
lic odor; 13, droppings covered with mucus; 14, abortion and failure 
to breed.* 

In an examination of the animals of a smelter district the chemist may be 
greatly aided by a careful post-mortem examination, and by the histologi- 
cal study of small specimens taken for this purpose. The most important 
features to be seen in the sections taken for microscopical investigation 
are: proliferation of the connective tissue cells, degeneration and 
desquamation of the tubules in the kidneys, congestion or diapedesis, the 
occurrence of hemorrhagic areas, and occasionally a total disintegration 
of the cells. In some cases there is very marked fatty degeneration. 
The kidneys show these symptoms more prominently than the other 
organs. 

The Anaconda case is of interest not only to the toxicologist, but also to 

' The diminution in the human birth-rate was noticed during the Manchester 
epidemic, and the results tabulated by J. Niven. See Royal Commission on Arsenical 
Poisoning, Minutes of Evidence, Vol. II, Appendix 17, p. 196. 
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the industrial chemist and the metallurgist, since arsenic in a great number 
of cases is a constituent of the metallic sulphides, especially those of copper, 
lyarge amounts of arsenic are given off by the smelters of Salt lyake, Utah ; 
lEverett, Washington ; Great Falls, and Butte, Montana ; and from many of 
the smelters of Germany, England, and other countries. In 1854 and 1875, 
Haubner investigated the smelter smoke disease in the Freiburg district, 
and various other cases have been studied to a slight extent. 

In the decision of Judge Marshall of the Circuit Court of the United States 
as made November 5, 1906, the conditions existing in the Salt Lake smelter 
district are described in such a way as to make an interesting comparison 
with the results of this series of papers. In speaking of the sulphur dioxide 
he says: "This gas is heavier than air, and when cooled, falls to the ground 
at a distance from the smelters dependent upon the air currents. When it 
is brought in contact with moisture, either in the form of rain, freshly irri- 
gated ground, or the moisture present in growing plants and the foliage 
of trees, sulphurous or sulphuric acid is formed, which is destructive to 
vegetation. Besides the emission of gas, some flue dust is emitted from the 
smelters which contains perceptible quantities of arsenic resulting in the 
death of horses and cows." 

In conclusion, the writers wish to thank Dr. John Maxson Stillman;foi 
the many suggestions which have been helpful in this work. j 

The University of Montana and Stanford University, \ 

March 14, 1908. j 
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OPINION BY JUDGE WILLIAM H. HUNT. 

Fred J. Bliss, a resident and citizen of Ideiho, instituted this suit on 
the 4th day of May. 1905, against the Anaconda Copper Mining 
Company and the Washoe Copi>er Company. Montana corporations, 
and prayed for permanent injunction forever restraining and enjoin- 
ing the defendants from operating a certain smelting plant situated 
near the city of Anaconda. Montana, and from treating ores de- 
scribed as containing poisonous and deleterious substances, and for 
general relief. 

The substance of the more important allegations of the bill is that 
complainant owns about three hundred and twenty acres of land, 
situated about five miles in a northeasterly direction from the Washoe 
copper smelter, operated by defendant Anaconda Copper Mining 
Company, in Deer Lodge valley. Deer Lodge County, Montana; 
that before the construction of the said smeltiiig plant. Deer Lodge 
valley, and a large area thereof designated by complainant as the 
"smoke zone." was a rich and fertile farming country, well watered, 



adapted to the raising of all live stock and that there was a ready 
sale at good and profitable prices for all farming products and live 
stock raised in the valley; that commencing about September 1, 1903, 
and ever since, defendants have been treating and reducing in the 
Washoe smelter about seven thousand tons of ore a day, containing 
large quantities of arsenic, sulphur, and o';her noxious and poisonous 
substances, and that the said smelter was constructed so near to the 
farming neighborhood described, that large quantities of sulphur, sul- 
phuric acid, sulphurous acid, aisenic, copper and oiher poisonous sub- 
stances were carried out through the flues connected with a large 
smelter stack, and discharged into the atmosphere, which substances 
were carried by the wind over and upon the said farming region in 
Deer Lodge valley, depositing large quantities of acids and poi'ons 
over the said portion of the Deer Lodge valley, and more especially 
upon complainant's lands, poisoning the pastures, and burning and 
dwarfing the crops growing on his premises during the summer of 
1904, and poisoning all the soil of said premises and of Deer Lodge 
valley in the "smoke zone," and the hay, grasses and grain growing 
thereon, poisoning all the -live stock in the said area, causing large 
numbers of horses, sheep, cattle and swine, so poisoned, to sicken, 
and a great many to die, so that the said area of Deer Lodge valley 
is rendered wholly worthless for stock raising or farming purposes ; 
that more than one hundred farmers live in the said "smoke zone," 
and own and possess more than fifty thousand acres of improved farm- 
ing lands therein; that all of said farmers are situated as is the com- 
plainant, and are similarly affected by said smoke and fumes from the 
Washoe smelter, and that the smoke and smelter fumes affect at the 
same time all of said farming neighborhood; that no one farmer could 
prepare his case for trial without great expense, and that as several 
suits would have ^o be instituted from year to year to recover damages 
for loss of crops and live stock, complainant would not be able to 
institute or maintain the same, owing to the great expense entailed; 
and that if the smelter continues to operate, the lands and soil in the 
"smoke zone" will each year become more highly impregnated with 
such poisonous substances, until no crop or vegetation can be pro- 
duced; that more than two million dollars' worth of real and per- 
sonal property owned by the farmers is situated in the said "smoke 
zone," and is being damaged and destroyed by the smelter fumes and 
poisonous ingredients contained therein, and that all will ultimately 



be entirely destroyed by the continued operation of the said smelter; 
that the homes of the farmers will be destroyed, and that they will be 
compelkd to leave the Deer Lodge valley, because they will not be 
able to make livings for their families; that the smelter fumes and the 
poisonous ingredients have killed nearly all of the trees in the said 
"smoke zone," as well as injured and killed the timber and trees for 
many miles around the smelting plant, rendering the valley barren; 
that the rental vaJue of the complainant's lands prior to the construc- 
tion and operation of the smelter was one thousand dollars per annum, 
but that the present rental value would not exceed three hundred 
dollars per annum ; that since 1 903 the lands of complainant have 
been damaged to the extent of twenty dollars per acre, or a total 
permanent damage to said lands of $6,400.00; that complainant and 
the other farmers similarly situated have no adequate remedy at law; 
diat if the smelter should close its operations, the farms, in the course 
of time, could be restored to their former productivity; that there are 
many places in Montana where smelting plants could be operated 
without damage to the adjacent country; and that the poisonous sub- 
stances complained of can be precipitated and impounded at the said 
smelter plant with very Httle extra or additional cost to tlie defend- 
ants in the treatment of said ores. 

The defendants, by answer, plead, among other things, that some 
quantities of the poisonous and noxious substances mentioned in the 
bill are djischarged into the air through the stack of the Washoe 
smelter, and that the smoke containing such substances is carried and 
disseminated over a very large area of country, including, at times, 
the area terined by the complainant "smoke zone." They deny, at 
length, that since 1 903, any injury of any kind, whatsoever, hjts 
been done or will be done to the complainant's property, or to the 
proj)erty of anybody in the Deer Lodge valley, by the smelter 
emanations. They plead that they have no other works available for 
smelting ores mined by them, that they have adopted the most mod- 
ern meAods of treating ores, and they aver their willingness to con- 
tinue to do all within their power to prevent possible injury or 
annoyance to the inhabitants of the valley. They allege solvency, 
and set up in dletail equitable defenses, saying, in effect, that if the 
works were to be closed, great injury would be done to the cities 
of Anaconda and Butte, and to Deer Lodge and Silver Bow coun- 
ties, and to the interests of the people residing in those and other 



parts of the state, and that the revenues of the state would be affect- 
ed; deny that the deleterious substances mentioned in complainant's 
bill could be precipitated or impounded with better results than at 
present, and say that if the plant should have to be removed, it 
would amount to a practical destruction of their property, and that 
if the smelter is not allowed to operate, it will be impossible for the 
ores which are now treated at the Washoe smelter to be treated 
profitably elsewhere, and that it is impossible to select any more 
convenient or suitable site than the present. 

Complainant Hied a replication, averring that he would mamtain 
and prove the allegations of his bill. 

After the pwesentation and decision of motions, trying the form 
and substance of various averments of the pleadings, the court, against 
the objection of the complainant, on December 18, 1905, referred 
the cause to the standing master in chancery, with directions to take 
the testimony, and to find the material facts, and report the same 
to the court. In pursuance of this order, the taking of leslimony 
commenced on January 15, 1906, and continued from time to time 
thereafter until about March 20, 1907. Thereafter, arguments were 
had before the master, and on June 1 , 1 907, the case was submit- 
ted to him. On January I 0, 1 908, the master filed his findings. 

The most important' of the master's findings are: That 
the sulphur in the smoke from the smelter stack has caused no 
damage or injury to the crops on complainant's land since the re- 
modeling of the Washoe smelter in 1903, but that arsenic was 
deposited at times upon complainant's farm in a way to injure the 
fodders grown thereon; that live stock was poisoned from the effects 
diereof, and that a portion of the Deer Lodge valley was less valu- 
able for stock raising and grazing purposes than it otherwise would 
be, by reason of the oi>eration of the smelter; that the complainant 
Bliss has suffered special damage in the sum of $350.00, in the 
depreciation of the rental value of his land; that the farmers in 
the Deer Lodge valley constitute a neighborhood, and that arsenical 
fumes emitted by the smelter more or less injuriously affect all 
hay, grass and fodder in the neighborhood; that if the smelter con- 
tinues as now operated, the future croj>s will be more or less 
poisoned, and the live stock will be sickened, but that if the smeltej 
should close, the effect of the poisonous matters would cease; 
that there has been no injury to the soil of any permanent character; 



that in 1901, complainant's land was worth not to exceed eight 
thousand dollars, and at the time of the suit, it was worth not to 
exceed four thousand dollars, because of the improper farming done, 
and because of the injury from the arsenical emanations from the 
smelter. He finds that in 1904, the farmers of Deer Lodge valley 
formed themselves into an association to procure evidence and prose- 
cute claims and suits against the defendants on account of the 
maintenance and operation of the smelter; that this suit was brought 
mainly for the benefit of the farmers' association, that Bliss himself 
was not a member thereof, and that the control of this action has 
been exercised by Smith, president of the farmers' association, in 
the interest of the association. The findings set forth that the pres- 
ent processes used at the Washoe smelter are the only practical ones 
that can be followed in the reduction of the ores treated; and that 
there is no site in Montana that could be selected where operations 
could be carried on with less damage and inconvenience; that the 
mines in Butte have their ores smelted principally at the Washoe 
smelter; that if the smelter were to close, two-thirds of the mining 
operations in Butte would stop; that irreparable injury would be 
done to the complainant and others owning property in Deer Lodge 
valley, because of the loss of markets for the products of their lands; 
that the value of their lands would be depreciated; and that the 
damage which would accrue to them would be greatly in excess of 
the damage they would sustain by reason of the continuance of the 
smelter, as it is now operated. 

Thereafter, counsel for complainant and for defendants, respec- 
tively, filed exceptions and objections to the findings and report of 
the master. The exceptions amounted, in substance, to this: That 
some of the findings of fact were against the weight of evidence; 
that some were not supported by the evidence; and that the find- 
ings were defective in not covering certain issues; and that others 
were upon immaterial and irrelevant issues. 

The case, having been referred to the master without the con- 
sent of the parties, is conceded to be one where the findings reported 
are merely advisory, and where the court may adopt the information 
communicated by the master's findings upon the evidence, and may 
accept the same or disregard it, in whole or in part, according to 
its judgment, as to the weight of evidence. Such is the rule as 
declared by the Supreme Court in Kimberly v. Arms, 129 U. S,. 



512, and as recognized by this court when it denied this com- 
plainant's motion for an order to require the master to file his find- 
ings of fact without setting a time to receive exceptions to his re- 
port. Bliss V. Anaconda Copper Min. Co., et al, 156 Fed. 309. 

Having accepted the view, therefore, that the case is for final de- 
cision upon the pleadings aiid proofs, counsel for the respective par- 
ties, in their elaborate and able arguments, have addressed themselves 
to the whole record, referring, however, to many of the findings of 
the Inaster as correct and acc^table to both sidfes, yet alluding to 
others as foundation aids only upon the issues involved, not casting 
the burden upon either of the parties in their exceptions, and nol 
like the findings of an independent tribunal, to be taken as presump- 
tively correct, only to be disturbed where clearly in conflic' with the 
weight of the evidence upon which they were made. 

These considerations are the law applicable to the method of ap- 
proaching the investigation of the record. The learned master, him- 
self, took this view of the effect of the reference; and it is just to him 
to say that his work has been of such a helpful character that coun- 
sel, throughout their arguments, have recognized the vast amount 
of painstaking study which he has evidently given to the testimony, 
and have accorded to his findings the most respectful attention. 

Two hundred and thirty-seven witnesses testified. The evidence 
covered a very wide scope, reaching out, not only to the substan'.ive 
question whether the single complainant. Bliss, has suffered special 
injury because of the smelter fumes blowing over his land, but 
whether, as a truth, because of the fumes blowing over the farms 
of others, injury has been done, and the Washoe smelter is a public 
nuisance, as defined by the law. 

Farmers and stock raisers from v^rithin the neighborhood of the 
Deer Lodge valley gave evidence as to what they observed or knew, 
and scientists of the widest experience advanced their views in the 
general and technical diseases of live stock, and in agriculture, chem- 
istry in its various technical branches, toxicology, pathology, patho- 
logical histology, anatomy, botany, bacteriology, zoology, mineralogy, 
metallurgy, and in forestry. 

Exhaustive examinations of each technical expert followed care- 
ful special study and preparation in the particular subject testified 
to. and nearly every assertion claimed to rest upon scientific learn- 
ing and research was challenged by cross examination, and dis- 



puted by experts produced upion, the opposite side. Under the 
circumstances, we can well understand that jealous regard which 
many of them observed for nicety of distinction, and why, too, a 
number of them were exceedingly cautious in declining to give 
opinions which called for expert knowledge one whit outside of the 
technique of their respective specialties. Among the expert witnesses 
who testified may be mentioned: Professor Joseph Blankenship, of 
the Agricultural College of Montana; Professor Charles A. Doremus, 
of New York; Professor M. J, Elrod ,of the University of Mon- 
tana; Dr. Robert J. Formad, of the United States Bureau of Ani- 
mal Industry; Professor W. D. Harkins, of the University of Mon- 
tana; Dr. M. E. Knowles, State Veterinarian of Montana; Dr. 
Duncan McNab McEachran, of the Canadian Government veterin- 
arian service; Dr. V. A. Moore, of Cornell University; Dr. Leonard 
Pearson, of the University of Peimsylvania, and State Veterinarian ol 
Pennsylvania; Dr. D. E. Salmon, formerly head of United States 
Bureau of Animal Industry ; Dr. Harry Snyder, of the Univ'sr'rity 
of Minnesota; Dr. Ralph E. Smith, of the University of California; 
Dr. Theobald Smith, of Harvard University; Dr. R. E. Swain, 
of Leland Stanford, Jr., University ; and Professor F. W. Trap- 
hagen, of the Colorado School of Mines. 

Exhibits, more than eight hundred in number, accompany the rec- 
ord. There are numerous specimens of bones, animal tissue, con- 
sisting in part, of stomachs, noses, sections of arteries, livers, kid- 
neys, etc. ; flue dust ; of normal and abnormal plant life of the Deer 
Lodge Valley; and of portions of trees and shrubs; while hundreds 
of photographs were used to illustrate varieties of conditions relevant 
to the issues. 

To enter upon a detailed statement of the testimony which alcne 
covers over twenty-five thousand pages, would be to extend this 
opinion far beyond what is necessary. It would require copious 
extracts from the direct and cross examinations of many witnesses. 
Conflicts of reason would have to be set forth, apparent and real 
inconsistencies would have to be pointed out at length, and the 
train of reasoning which formed the bases for the seriously conflict- 
ing conclusions, and sometimes irreconcilable differences of opinion 
among scentific witnesses could only be well and fairly set forth 
by lengthy and exact quotatons from the elaborate, technical ex- 
planations. Therefore, to reduce the facts directly to as brief a 



statement as the record reasonably justifies, I have thought it pro- 
per to adopt the substance of those findings of the masier which 
have not been excepted to, and, in a narrative way of my own, simply 
to staie the case and to comment thereon as the weight of evidence 
warrants. 

The Deer Lodge valley in Montana, where complainant's lands 
are situated, lies north and west from Butte, and northerly and 
easterly from Anaconda. The valley is high (over five thousand 
feet in altitude), between two ranges of the Rocky Mountains; it is 
generally regarded as extending from the Northern Pacific railroad 
near Garrison southerly toward Butte for a distance of about forty 
miles. Its average width is about ten miles. The mountains about 
the valley have been extensively exploited by prospectors and miners. 
Settlements were made as far back as 1 864, and during the years 
thereafter ranches were taken up by stockmen and farmers, so that 
now the valley is quite well settled, many farmers owning lands and 
homes therein. In the earlier days, stock raising was the principal 
occupation of the ranchmen, but from 1 880 on, as settlement in- 
creased, the ranges became pworer, fences became more common, 
larger herds of range stock were driven out to more open ranges, 
cind, in a great measure, since about 1 88 1 , diversified farming has 
superseded stock raising. The valley is quite well watered, and is 
generally adapted to dairy and siock farming, and to the growing 
of hay, grain, alfalfa, and such garden produce as grows in the 
mountain valleys of this latitude. The city of Anaconda is in the 
southwesterly part of the valley upon Warm Springs Creek, a moun- 
tain stream, that flows into the Deer Lodge River. The Washoe 
smelter, which is said to be the cause of injury to complainant and 
others, stands on a slope of the mountains west of the valley, a 
mile and a half southeast of the city of Anaconda. 

In 1 883 and 1 884, a corporation styled the Anaconda Mining 
Company, not a defendant, operated a smelter near to the site of 
the Washoe smelter. The Anaconda Mining Company owned 
valuable properties in the vicinity of Butte, about thirty miles distant 
from Anaconda, and was working and developing mining claims, which 
produced large quantities of low grade ores, only capable of suc- 
cessful treatment by reduction works. These ores were, in large 
part, of such a character that in order to reduce the same, and ex- 
tract the metal contents thereof, it was necessary to concentrate the 
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same by the use of large quantities of water. It being deemed necesr 
sary for the Anaconda Mining Company to construct reduction 
works, extensive investigations were made by its agents for the pur- 
pose of fixing points where sufficient water could be obtained, and 
other natural facilities afforded, for the operation of such proposed 
works, and a point near where the city of Anaconda now stands 
was chosen as the best place. 

The Anaconda Mining Company, without objection on the part 
of any one, proceeded to construct its smelting works, and exptend- 
ed in connection therewith several millions of dollars. In 1 884, 
when the works were completed, the company began to treat and 
did treat, down to the year 1 895, thousands of tons of ore per 
day. The works of the said company were located upon the north 
bank of Warm Springs Creek, at a point one mile in a northerly 
direction from the present Washoe smelter, and are spoken of through- 
out the testimony of the witnesses as the "old works," in contra- 
distinction to the Washoe smelter. Between 1884 and 1895, the 
Anaconda Mining Company operated the works, but in 1895, 
transfer of the property was made by the Anaconda Mining Com- 
pany to the Anaconda Copper Mining Company, a defendant herein. 

Thereafter, it was determined by the defendants to construct a new 
smelting plant upon more modern and economical lines than the old 
works had been constructed upon, for the purpose of reducing the 
ores mined by the defendant companies and other mining companies 
at "Butte. Investigation was had, and the present site of the 
Washoe smelter was chosen as being the most available and suitable 
within Montana, and the Washoe smelter was constructed by the 
Washoe Copper Company, defendant, for the purpose of taking 
the place of the old works, heretofore referred to. The Anaconda 
Copper Mining Company transferred its smelting operations to the 
Washoe smelter, and thereafter demolished the old works, and at 
the time of the hearing of the testimony in this suit, had no other 
available means of smelting or reducing the ores then being treated 
and smelted by it than the Washoe smelter. Several years were 
consumed in erecting the Washoe smelter, and about $9,500,000.00 
expyended in its construction. 

The ores treated and smelted at Anaconda since 1 884 are 
sulphide copper ores, containing large quantities of sulphur and 
arsenic, quantities of which substances, in various forms during the 



processes of smelting, have been and are being released and dis- 
charged into the atmosphere, and disseminated by the changing air 
currents over various and indeterminate areas of territory; about 
seven thousand tons of such ores are treated each day at the Washoe 
smelter. 

Between February and September, 1903, the defendants remod- 
eled the Washoe smeltmg plant. Before the remodeling, the sur- 
phur and arsenic fumes had been carried out into the atmosphere 
by means of four chimneys, each of which was about 225 feet 
in height, and constructed on a level approximately with the smelting 
plant, but in the remodeled construction, defendants built a large brick 
stack, and connected the same by means of flues with the smelting 
plant. Prior to 1 902 there never was any complaint by farmers 
or property owners that there was any damage being done by the 
sihelter fumes. 

Between February, 1902, and February, 1903, when the con- 
struction of the new flues and stack was coimnenced, many of the 
farmers of the Deer Lodge valley complained that such quantities 
of sulphur and arsenic were discharged into the air through the sev- 
eral smoke stacks, with which the smelting plant was then being 
operated, that the crops and live stock in the valley were being 
poisoned and injuriously affected, to the great damage of the owners. 
Claims for damages on account of such poisoning, aggregating sev- 
eral hundred's of thousands of dollars, were presented by the farm- 
ers to the defendant Anaconda Copper Mining Company. The 
company's representatives investigated the matter, and reported that 
damage was being done to the farmers, whereupon the defendant 
Anaconda Copper Mining Company made settlements and paid out 
to different persons sums amounting in all to more than $330,000.00. 
The company, intending as far as possible, to prevent any further 
damage, and any further claims for damage, had investigations made 
to determine methods and means by which the noxious substances 
emanating from the ores in smelting could be caught and retained 
from the gases and smoke, and that the remainder might be so 
scattered and disseminated as to cause no damage, if possible. As 
a result of such investigations, it was determined that the best way 
to accomplish the purpose was to construct large flues with dust 
chambers to collect the solid particles, so far as possible, from the 
smoke, and to erect a high stack upon an elevation at some distance 
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from the smelting plant, in order that the fumes escaping into the 
atmosphere might be discharged at as high an elevation as possible, 
and thus become widely disseminated and diluted before coming in 
contact with any of the soil in the valley. 

In orc|er to carry out the results reached through the 
investigations, the use of the old smoke stacks at the smelting plant 
was discontinued, and the defendant companies began to build a 
large stack, and to construct enormous flues to connect the stack with 
the various portions of the smelting plant wherein gases and other 
emanations were created in the operation of reducing the ores treat- 
ed. In the execution of the plans, an elevated point was chosen 
as the site for the chimney, and a new chimney was put up, three 
hundred feet above base, and at an elevation of about eleven hun- 
dred feet above the Deer Lodge valley proper. The diameter of 
the chimney at its base is thirty-one feet and six inches, and its 
diameter at the top thirty feet inside. The chimney is connected 
with the smelting plant proper by a double system of flues running 
from the base toward the smelting plant for a distance of about one 
thousand feet. These double flues are connected with the chimney 
at opposite sides, at the base of the stack, and are constructed partly 
by excavating cuts in the hill, lining the same with brick, and by 
arched overhead construction, and are sixty feet in width, and about 
thirty-five feet in height. At the end of the thousand feet of con- 
struction of double flues, and connected therewith, is a single flue, 
which is sixty feet in width, and about thirty-five feet in height. 
The single flue is about thirteen hundred feet long, and at the end 
farthest from the stack is connected with separate flues and dust 
chambers, running to what are known as the reverberatory, the roaster 
building, the blast furnaces, and the converter plant, respectively, 
these being the several plants in which all the gases and emanations 
from the smelting operations are produced. Under the main flue and 
the double flues, tunnels have been excavated, through which cars 
run, and the flue dust catching capacity of these large flues remains 
practically unimpaired. 

The respective plants in which the gases and fumes are generated 
are connected with this large flue by dust chambers and separate 
flues, which are of the following dimensions: A blast furnace 
chamber two hundred and fifty feet long by forty feet in height, by 
forty feet in width; a roaster dust chamber two hundred and ninety 
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feet long, forty feet in height, by forty feet in width; a converter duU 
chamber two hundred and sixty feet long, by forty feet in height, and 
forty feet in width; a reverberatory dusl chamber of the same diiien- 
sions as the blast furnace flue. All of the smoke and gases and other 
emanations from the smelting plant pass through these various 
dust chambers and flues up to the main stack, and go to the top 
of the stack, and thence into the atmosphere. 

There is a dust catcher at the rear of the blast furnace building, 
the McDougall building, and the converter building, its purpose 
being to remove the dust from the smoke, the dust being removed 
for its valuable metal contents, and to prevent its going out to do 
damage to land. 

The company also constructed an arsenic plant adjacent to the 
large flue, containing three furnaces^ with a capacity of about ten 
tons each, for treating arsenic, for the purpose of separating the 
arsenic, which collects and settles in the main part of the flue, from 
a jjortion of the flue dust before the flue dust is returned for treat- 
ment in the smelting plant. 

Arsenic is a by-product of the ores treated for commercial purr 
poses. The portion of the dust which is high, about ninety per cent, 
in arsenic goes to the arsenic plant, and as much as two tons a day 
is collected and sold for commercial purposes. The portion of 
dust not treated for arsenic, approximately 1 60 tons daily, goes 
directly back to the reverberatory smelting furnaces in the forin of 
flue dust, and is treated for the extraction of copper, silver and 
gold. Some of the arsenic found in the ores treated in the blast 
furnaces and roasters goes out in slag, and part in volatile sub- 
stances that is left in the smoke goes up the chimney and out into 
the air. 

The only possible conclusion from the evidence is that, as a result 
of these briefly described improvements, the defendants built 
their plant in accordance with the best known methods and processes 
for accomplishing the purpwses intended, and that the endeavor of 
the defendants has been, through these methods, to render the 
smoke, fumes and emanations from the smelter harmless. Further- 
more, as the case is submitted, the evidence discloses that the steps 
taken by the defendants are far greater and more extensive in char- 
acter than those taken by any other copper smelter, and that the 
effect of the remodeling of the plant, and the use of the flues, dust 
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chambers and stack described, has been to prevent and to dis- 
continue, proportionally to the ore treated, the discharge into the 
atmosphere of much of the dust containing the noxious substances 
complained of, which, before the improvements, had been discharged 
into the air from the smoke stacks of the plant; and that a resulting 
effect has been that the fumes, and whatever dust the same contain, 
which was not removed therefrom, have been disseminated and scat- 
tered by air currents at a great height over a large area of country, 
thus rendering less harmful, in proportion to the ores treated, the 
smoke, fumes and emanations from the plant, than was the case 
before the improvements were made. 

Professors Swain and Harkins, expert chemists, made some experi- 
ments by pitot tubes, introduced for ten hours into the big stack, 
fifty feet above the base, to ascertain the volume of smoke thrown 
out from the stack every twenty-four hours, and the milligrams of 
arsenious oxide contained in one cubic foot of the smoke. But 
Professor Swain stated, in substance, that it was impossible to carry 
out the experiments as atteiripted by him, without introducing some 
errors, and that the slightest mistake in the chemical analysis in 
trying to arrive at the amount of arsenic would be multiplied by 
millions and millions. So much depended, too, in the experiment, 
not only upon accuracy in obtaining velocity and the ratio of volume 
of the sample taken to the total volume going out of the stack, but 
also upon the character of ore treated, and upon the temperature and 
pther conditions at the very time of the experiments, that the court is not 
warranted in saying what was the exact volume of gas, and what 
ks correct analysis is ; and, as the case develops, it does not become 
of great importance. 

At this point we may well turn to the evidence concerning com- 
plainant's relation to the case. He oWns three hundred and twenty 
acres of land about five miles easterly from the Washoe smelter. 
Before he acquired his farm, it had been occupied and cultivated 
by his predecessors in interest sines about the year 1 866 or 1 867. 
The lands of complainant's farm are not of the best class of lands 
in the Deer Lodge valley. They are known as cold land; are in 
part low, and moist and partly contain alkali; are best fitted for 
raising wild and red-top hays, for stock grazing, and foi dairy pur- 
fwses, and are not very well adapted for crops of timothy or other 
cultivated hay or grain. Moreover, the complainant has not taken 
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good care of his premises, but has permitted them to run down, and 
has allowed a part of the land to remain without seeding, so that 
fox-tail and other weeds have been allowed to grow, to the sub- 
stantial depreciation of the value of the land. 

Mr. Bliss acquired his farm in this way: About March, 1903, 
while he was in business in Butte, his health was not good, and 
he desired to leave the state of Montana. In making business ar- 
rangements, looking to that end, he accepted title to the farm in 
Deer Lodge county, in lieu of the sum of $8,000.00, to be applied 
upon the general transfer of his property. When he bought the 
farm, a contract of sale had been made between the predecessor 
in interest of the complainant, a man named Daniel James, and 
one John Smith, who was at that time in possession of the farm, and 
who had used it for pasture purposes, imder and by virtue of which 
said contract, the said Smith was to purchase the ranch at a stipu- 
lated sum. The complainant. Bliss, entered into an agrerment with 
Smith, by which the terms and conditions of the contract of sale 
were changed, so that Smith, instead of becoming a purchaser from 
James, was to become the purchaser from complainant, upon payment 
to the complainant of five thousand dollars, and assuming the bur- 
den of a certain mortgage, which had theretofore been given by the 
predecessor in interest of the complainant, secured by the said prem- 
ises, in the sum of three thousand dollars. It was in this way that 
a valuation of eight thousand dollars was put upon complainant's 
farm. TTie valuation, however, was a fair one in 1903, though, 
since then, the value has fallen to about $4,280.00. The invest- 
ment in the farm was made by complainant under ths belief that he 
would be able to sell it in accordance with the provisions of die 
contract of sale Vfhich had been entered into with respect to the pro- 
perty; it was not Mr. Bliss* intention to live upon the place; he 
never has lived upon it, and never has attempted to improve or 
cultivate or farm it, or to raise any live stock upon it Moreover, 
he knew, when he bought, that the farmers in the Deer Lodge 
valley, including the occupant in possession of die farm, had made 
complaint against the defendant comparies, on account of the 
Washoe smelting and reduction works. 

As to the value of the Bliss land: Inasmuch as complainant, in 
1904, rented the ranch to K. D. Smith for $750.00, and the 
making of some improvements worth about two hundred dollars, the 
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rental value that year was practically twelve per cent of the then 
value of the land. Estimating twelve per cent of the value as a 
fair rental, if it had not been damaged through any cause, com- 
plainant ought to have received nine hundred and fifty dollars rental 
in 1905, whereas, the best offer he had in that year was five hundred 
dollars a year for a two or three years lease. This offer represented 
twelve per cent of approximately $4,200.00, which sum is, therefore, 
a just estimate of the value of the place in 1905 and 1906 and 
1 907. From these figures, it is shown that the depreciation in the 
value of the land was $3,800.00, and in rental value $450.00 per 
annum, or a total of $900.00 for 1905 and 1906. 

It is very hard to reach a satisfactory conclusion as to the princi- 
pal special causes for the depreciation in the value of complainant's 
land. Farmers who have known the land for thirty years differ 
radically, some ascribing the deterioration to poison of fodders by 
smelter fumes, and consequent danger to live stock and to crops, 
while others say that the value is reduced because in 1902, 1903 
and 1 904, the natural hay meadow was plowed and never seeded 
thereafter; that the land has been neglected, has much alkali, is in- 
jured by sun-flowers, fox-tail and other weeds, but that there has 
been no injury at all to the pasture or to animal life thereon by the 
smelter smoke. The experts also disagree in most positive terms 
as to the condition of the fodder and the soil. But, after consider- 
ing the evidence concerning some of the live stock that fed upon the 
pastures of the ranches in the immediate vicinity of the Bliss place, 
together with that bearing upon the condition of some of the ani- 
mals that were upon the pasture in the Bliss ranch itself, my opinion 
concurs with the master's in finding that both of the causes ascribed, 
lack of proper farming and smelter fumes, existed and contributed 
more or less to the lessened value. 

The fact is deducible, though, that the lesser injury was done 
by the smelter, and for these reasons: As heretofore stated, when 
Mr. Bliss bought his land, its principal value was for dairying pur- 
poses. It is entirely certain, too, that thereafter in 1905, while he 
owned the place, the offer to rent that he received was made by a 
man who wanted it for a dairy. Now, if it were true that the cattle 
and horses of the dairymen who might rent would be exposed to 
poison in eating the grass in the pastures, and to the consequent 
sickness, falling off of milk production, loss of calves, and other 
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effects of ingesting grass or hay that has been poisoned with arsenic, 
we naturally inquire why it was that Boone, who knew all the con- 
ditions that existed about the place in 1904, and whose good faith 
in offering to rent from Mr. Bliss was beyond question, wanted to 
rent the farm for dairy purposes, and was willing to pay five hun- 
dred dollars a year rental for several years? The answer would 
seem to be a simple one, in the light of ordinary human experience. 
Common knowledge tells us that the last place a dairyman would 
seek would be a farm where cattle would be exposed daily to ^ 
peril of poison from arsenic in the pasture where they would feed; 
while, on the other hand, there would be nothing unusual in his 
taking a farm adapted for pasture and dairy purposes if the only 
objection was that it had been badly cultivated, or was unsuited for 
general farming. Thus, we are irresistibly forced to the co. - 
viction that, as a fact, viewed from the standpoint of the experienced 
dairyman, the injury to Mr. Bliss' pasture from arsenic was not 
of the most serious character; and, hence, it follows that the larger 
depreciation must be attributed to some cause other than injury from 
poisoned fodders. 

And, in support of this, there is further eivdence of telling force: 
A dairyman, named Sweeney, of years of experience in Minnesota and 
Montana, who also knew the Bliss ranch well, rented part of it in 
1 905 from Mr. K. D. Smith, president of the farmers' association, 
and agent of Mr. Bliss. This dairyman testified that he had sixty- 
eight head of cattle on the Bliss ranch; that they did well; that 
every milk cow had a calf; that the calves were the "finest" he 
had had since he had lived in the valley ; and that his sixty milk 
cows gave a general average of two and a half gallons of milk a 
day per cow; that the cattle ran in the pasture; and that since 1903, 
when the new stack was operated, he had not been injured in any 
way by smoke; that he had made money in his business until March, 
1906, when he sold his cattle at forty dollars a head to another 
dairyman named Verlaine, who lived upon an adjoining ranch. 

But, furthermore: Wolfe, a dairyman, who was called by the 
complainant, and who had rented the northern part of the Bliss 
ranch from Smith, agent, in 1906, admi'tted that his twenty-four 
cows on the Bliss place gave an average quantity of two and a 
half gallons of milk a day for each cow. He said that he took 
them up to the stables in the fall, that he fed them meal and some 
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alfalfa which was raised upon a ranch only a mile away from 
the Bliss place, and that he had lost one calf which was sick when 
he went to the ranch, and one after he went there, and that two of 
his cows aborted after he got them. It is in evidence that the 
calf that died after he was on the place had white scours caused 
by feeding upon sour milk. Still further: Another dairyman, named 
Blaine, who, like the others, concerning whom mention has been 
made, was familiar with the conditions and locality, said he went 
to the Bliss ranch in June, 1906; that Wolfe's cattle looked well, 
and that Wolfe wanted sixty dollars a head for them; that he, 
Blaine, agreed to buy the cattle from Wolfe at fifty-live dollars per 
head, and tried to rent the Bliss place for dairying, but that Mr. 
Smith, president of the farmers' association, ordered him off the place, 
and prevented the consummation of his plans. 

In the light of this evidence, how can the court find that there 
was very serious injury done to the fodders on the place by arsenic? 
Much less, too, can a conclusion be reached apportioning the 
damages. 

No summary of the facts would be complete without reference 
to the attitude of many of the farmers of Deer Lodge county. 
Sometime during the latter part of 1904, about one hundred (ap- 
proximately one-half), of the farmers and residents of that part of 
Deer Lodge valley called by complainant the "smoke zone," adjac- 
ent to the city of Anaconda, representing an ownership of over fifty 
thousand acres of land, formed an association for the purpose of pro- 
curing evidence and prosecuting claims and suits against the defend- 
ants in this action, on account of the maintenance and operation of the 
Washoe smelter. Mr. K. D. Smith, who owned a ranch adjoining 
complainant's place, was elected president, and ever since 1 904, 
has acted as the head of said association. Bliss, this complainant, 
is not and never has been a member of the said farmers' association, 
and appears to be the only non-resident owning farming lands in the 
so-called "smoke zone." Although he is the sole cornplainant herein, 
the suit has been prosecuted mainly for the benefit of the 
members of the farmers' association. It appears that be- 
fore the present suit was instituted, the farmers, seeking settlement 
for damage claims, wrote to the representatives of the defendant 
Anaconda Copper Mining Company. The company, through its 
agent, replied, asking the farmers' association to specify, by bill of 
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particulars, the damages claimed by each and every farmer who felt 
that his property had been injured by the smelter fumes. To this 
letter, the farmers' association replied at length, demanding cash pur- 
chase of their lands before May I, 1905, in the following language: 
(Italics mine). 

"Anaconda, Montana, March 4, 1905. 

Anaconda Copper Mining Company, 

Anaconda, Montana. 
Gentlemen : 

The Deer Lodge Valley Farmers' Association, consisting of 107 
members, representing over ninety per cent of the lands and property 
of the Deer Lodge valley, comprising practically all of Deer Lodge 
County and the southerly portion of Powell County, did on Feb- 
ruary 2 1st, 1905, call a meeting of said association to be held 
at the Willow Glen school house, in Deer Lodge County, at which 
nearly all the members of the said association were present. The 
undersigned committee, consisting of nine members, were duly elected 
by said meeting for the purpose of receiving all claims for damages 
resulting from the operation of your smelting plant, known as the 
Washoe smelter. 

"At said meeting it was understood by all the members of said 
association that they would present their claims for the lowest cash set- 
tlement which they would be willing to consider by way of com- 
promise for all of said damages, and that said committee should 
be empowered to exclude any unjust claim or claims for damages, 
as well as reduce the amount of any claims which would be con- 
sidered too high after an investigation by said committee. * * * * 

"The claims which the committee approved are presented for settle- 
ment after a very careful investigation, and as the committee was selected 
from all portions of the valley, the committee were in a pwsition to pass 
on most of these claims from pjersonal knowledge of the property of the 
claimants. In fixing the damage, if any part or portion appeared unjust 
or was in doubt, the committee eliminated that part or portion of such 
claim. li Would therefore follow that the committee would not care 
to consider an\) counter proposition from your company on approved 
claims. 

"As to the claims which are represented without recommendation, if 
your company does not see its way clear to adjust them on the basin on 
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J»hich they are presented, you are at liberty to enter into personal nego- 
tiations with these claimants. These personal negotiations, however, 
and the delay arising therefrom, shall not in any manner interfere with 
the association from filing suits in equity and bringing action at law for 
damages, it being the sense of the association, as expressed through the 
committee, that unless an early settlement can be reached, that suits in 
/equity will be filed and actions at law will be commenced, which would 
not prevent a settlement unless the company should consider such action 
on the part of the farmers to be a withdrawal of the offer of com- 
promise. No suits of any character will be filed before tha 7th day of 
April, 1905, but from that date it will be optional with the members 
of the eissociation to institute legal proceedings unless the company has 
signified, through its proper officers, acceptance of the settlements pro- 
f)osed. 

"Claims have been presented for damages aggregating $2,300,- 
000.00, as the damages actually sustained by members of this asso- 
ciation. These claims have been reduced to about $1,750,000.00, 
and for this amount the committee has instructed suit to be brought in 
the individual names of the partie:s, unlesi a settlement is reached. 

"The cause of this reduction has been owing to the fact that the 
company settled with most of the farmers two years ago for personal 
damages; that claims for damages to crops and personal property have 
been eliminated except for the past two years, excepting in three in- 
stances, which are N. J. Bielenberg, Quinlan Bros., and Austin De- 
Rosier. These claims have been included for a greater period than two 
years for the reason that no settlement was reached between these parties 
and the company two years ago. The farmers, however, contend, after 
having been advised by counsel, that five years is the statutory period 
in which action for damages of this character can be maintained. 
Whether or not the company will accept this contention will be im- 
material, for the reason that all claims except the three mentioned have 
been restricted to the two-year period. 

"All unjust, inequitable and slight claims for damages have been 
rejected. This also accounts for the difference between $2,300,000.00 
and $1,750,000.00. 

"When the farmers were called upon to place the lowest cash valua- 
tion of the. damages which they had sustained, they presented to your 
committee damages aggregating $1,536,876.00. Your committee, 
after careful and thorough investigation, reduced these claims to $1,- 
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120,731.00 approved claims, and $127,979.50 claims to be submitted 
rvithout recommendation. It is understood arid agreed that if the com- 
pany makes settlement of these claims as presented, this includes title to 
all of this property, including land, water rights and improvement, and 
thai the farmers rvill surrender possession of these properties not later 
than November Isi, 1905, provided settlement:' are made and money 
paid on or before May ]st, 1905. 

"The real property damage included in this settlement consists of 
60,525 acres of patented lands, together with all water rights and im- 
provements, all being under fence, and generally all improved farms, 
for which is demanded the sum of $918,147.00, which insures the 
company title to all of these lands, water rights and improvements for 
the sum of $18.17 per acre. The committee also sug^sts that if a 
settlement can be reached, that the company shall be allowed in every 
instance to withhold whatever amount of money may be necessary to 
perfect title or remove liens or encumbrances. That in a few instances, 
some of the farmers have indicated that if the company would deed 
back ih^ lond and improvements, they would be willing to allow a 
certain stated amount by way of reduction in the amount presented, if 
allowed to keep the property. 

"Almost all of the claims for personal property damaged were re- 
jected, as nearly all the stock were settled for two years ago, and the 
committee refused to allow any damages except on new stock which has 
been brought into the Deer Lodge valley since the settlement. In place 
of any new stock having been brought in, nearly all of the stock has 
been removed from the valley, owing to the general sickness and death 
of the stock. 

"The committee also desires that no settlement be made with the 
individual members of the association, and that in the event of a settle- 
ment, thai the same be made through the Daly Bank & Trust Com- 
pany, of Anaconda, Montana, through the committee of farmers, as 
certain advances, attorney fees and expenses have been incurred which 
it would be impracticable to collect if individual settlements were made 
in the absence of any member or members of tht committee. * * * 

"The farmers are anxious to have an early disposition of the matter 
on the part of the company, as they will attempt to protect the coming 
crop provided settlements cannot be made. 

"The committee, by way of explanation, desires to call the attention 
of the company to the fact that the farmers have not presented their 
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claims for damages since the ssttlement two years ago up to the present 
time, for the reason that when said settlement was made, the company 
promised, and the farmers believed, that the construction of a large 
stack would prievent further injury and the farmers decided to wait until 
they became fully satisfied as to what would be the result of the opera- 
tion of the smelter after the construction of a large stack. It has now 
become apparent to the farmers of Daer Lodge valley that stock raising 
and farming cannot exist there so long as the smelter is being operated on 
its present large, extensive scale, and treating the class and character of 
ores which are produced by the mines of Butte. The farmers also feel that 
having settled in the valley long prior to the smelting plant, they perhaps 
have prior rights which the smelting interests are bound to respect, and 
which should be taken into careful consideration by your company in 
attempting to reach an amicable settlement. 

"The members of the association and the committee have kept con- 
stantly in view the fact that the company, in operating its smelter, has 
at all times used the latest and most improved methods for smelting, 
and that damages which have arisen have been the natural and usual 
result of the smelting operations. That the company two years ago 
made prompt settlement of the damages which had been occasioned by 
the operation of the smelter; that the company immediately thereafter 
spent a large sum of money in good faith in attempting to avoid further 
damages to the farmers of Deer Lodge valley. The farmers have at 
all times been anxious to remain on good terms with the smelting interests, 
fully realizing the importance of the mining industry to the state of 
Montana, and that mining cannot be conducted without smelting and 
the conducting of smelting plants, and that there is not a single farmer 
who is a member of this association who is desirous of in any manner 
interfering with the operations by the company of its mining properties 
or its smelting plant, until it becomes apparent that the company intends 
to continue its smelting operations without regard to the total destruction 
of the stock raising and farming interests of the Deer Lodge valley. 

"Acting in view of these important considerations, the committee 
has felt that the farmers should stand at least one-third of the 
entire loss accruing to them by reason of the operation of your 
smelting plant, in order that an amicable settlement between the 
farming interests and the smelting interests may be reached. It has 
therefore been the effort of the committee in adjusting these claims 
to present them at approximately two-thirds of the damages sustained 
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and not to approve a claim where the individuals would not submit to 
the one-third reduction." * * * * 

This letter was signed by nine persons, as members of a committee 
of the farmers' association. 

The defendants seem to have made no reply to this demand, and this 

suit was instituted on May , 1905. It does not appear that any 

action at law has ever been filed by complainant, or that any judg- 
ments for damages have been obtained by any members of the farm- 
ers' association, though two or three suits are pending. It is a 
circumstance that, although no member of the farmers' association 
is a party to this suit, yet the association has been directly re- 
sponsible for the presentation of the evidence, and, through assess- 
ments levied upon its different members, ha(s raised funds through 
a committee. Bliss, the complainant, prior to bringing this suit, put 
the farm in the hands of Mr. Smith, president of the farmers' 
association, for rental purposes, appears to have paid little attention 
to the matter, and has not contributed any portion of the expenses 
of conducting the same, except the rent of his ranch, which was 
turned over to his counsel. He has really yielded control to tbs 
farmers' association, in the interest of prosecuting this suit, and has 
allowed his name to be used to try a "test case," admitting that he 
is the person through whom the other farmers are trying to establish 
their contentions. 

Mr. Bliss himself refused to consider an offer of purchase made 
to him in June, 1 906, by an agent of the defendants, giving as a 
reason for such action the pendency of this suit, and that he had 
yielded control of his place to Mr. K. B. Smith and to Mr. Clinton, 
who was counsel for the farmers' association. 

Now, inasmuch as we have ascertained that some damage, the 
amount of which is not susceptible of correct ascertainment from the 
evidence, has been done to complainant's farm by the operation of the 
Washoe smelter, attention is next appropriately addressed to what, 
if any, abnormal conditions existed in th« Deer Lodge valley be- 
fore the evidence in the present suit was submitted, which are due 
to acts of these defendants. It is established that there was more 
or less spotting on the vegetation, due to the smoke from the stack. 
The spotting is explained by one of the €xi>ert botanists as due to 
the dropping of substances in the smoke stream on the vegetation, 
which kill the immediate section they fall upon. Technical botanists 
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disagree wholly as to the extent of the area so spotted, some, called 
by defendants, confining it to within five miles of the stack, while 
those called by complainant say it was observable to some extent as 
far away as thirteen miles northwesterly. By the botanical evidence, 
including the exhibits, it is made apparent how very difficult it is 
to distinguish between the spotting of vegetation by sulphur and 
certain other injuries, for instance, alkali, sun scald, insect, hail, or fungus 
growths. To one unskilled in technical plant life, the only way to resolve 
the divergent views of the scientists is to form an opinion of the existing 
conditions, as they actually appeared to intelligent, practical farmers 
and dairymen, and as practical agricultural results may reflect upon 
the matter, and then to consider and correlate the scientific evidence 
to such conditions. This I have done with great care, and my best 
judgment is that there has been no substantial injury done to Mr. 
Bliss' land, or to the crops thereon, by the sulphur discharged into 
the atmosphere since the big stack was built, and that there has been 
no general, substantial, harmful effect from the smoke upon the 
quantity of the crops produced upon the Bliss or other lands, and 
that no permanent injury has been done to complainant's or other 
lands in the valley. There was evidence showing past injuries to 
coniferous timber on the hills back of the smelter, and it was mac|e 
quite clear that damage is now being done in the hills right back of 
the smelter along Mill Creek, where the smoke spreads through a 
draw, the bottom of which approaches the level of the top of the 
chimney. But, apart from this special damage in this immediate vi- 
cinity, the weight of the evidence is to the effect that the principal 
damage to timber was done befoie the new stack was operated, — some 
by the fumes, and some, which is attributed to smoke, was done tjy 
fires at different times in years gone by. 

Let us now briefly inquire into the conditions of animal life upon^ 
the farms within a few miles of the smelter. After the Washoe 
smelter commenced to operate, many horses, that were in pastures in 
the valley, suffered from sore noses. The sore nose was observed 
in some horses on the Bliss ranch. Stated in ordinary language, 
the sore nose ailment consists of a sort of ulcer, from one to three 
inches in length, on the septum in the direction of the upper lip, and 
appears as if it were produced by a burn, or an irritating medicinal 
blister, or acid, the ulcer often containing a large piece of dead skin 
tissue, in a few instances involving the lining membrane of the nose, 
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and penetrating the partition between the nostrils. The horses affected, 
generally speaking, also had garlicky breaths, rough coats, and suf- 
fered from diarrhoea ; some were thin, some were quite easily exhaust- 
ed, and many appeared to be unthrifty. The ulcers would heal 
with ordinary stable care, and the animal would nearly always re- 
cover if taken away from the valley pas;ures. Numbers of horses 
so affected were killed for examination, and post-mortem investiga- 
tions disclosed lesions affecting the stomach, intestines, liver, kidneys, 
spleen, heart, respiratory organs, and membranes of the brain. 
Chemical analysis of certain animal tissues were also made by ex- 
perts, and more or less arsenic trioxide found. Many cattle also 
were affected. None of the cattle had sore noses, witnesses saying 
that this was because catt!e can clean their nostrils with their tongues, 
while horses cannot. Some of the symptoms manifested in cattle 
were garlicky breaths, rough coats, coughs, tucked up bellies, scouring 
and drooling. Eliminating the sore nose, the lesions found in the 
cattle examined after death were generally similar to those found in 
the horses. In one of a number of steers that had been ke.pt by de- 
fendants for experimental purposes on the Bliss pastures, which was 
killed for examination by Dr. Formad, of the government service, 
there weite found vascular changes, epithelial changes, and connec- 
tive tissue changes, which were evidently caused by an irritant poison. 
By again reasoning from facts seen and testified to by plain 
witnesses, and weighing what things were so actually seen willi 
what experts have said, and with what experiments have been made, 
out of the mass of evidence, I must conclude that the Itesions ob- 



served were caused by the irritant or corrosive poison arsenic. This 
arsenic was deposited, to a greater or lesser extent, upon the fodders 
of the pastures, and when ingested by live stock, caused ailment and 
sickness. The most rational view is that the volume of the smoke 
stream, with its arsenic contents, is at times carried by air currents 
upon the lands adjacent to the smelter; that sometimes the voluml-' 
is much more dense than at other times, depending upon atmos- 
pheric conditions, but that when the smoke is denas and low, there 
is a precipitation of more or less arsenic upon the fields, and that 
a sufficient quantity is precipitated to poison the pastures, so that ani- 
mals feeding thereon are poisoned. Naturally, owing to variable 
winds, there is no rule of distribution of the smoke, so that there 
is no uniform extent of the resu'ts of the smoke upon animal life, 
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Hundreds of animals which grazed in the vicinity near the smelter 
have never shown the slightes tsymptoms of poison; cows in the city 
of Anaconda have thrived in the highest degree; perhaps but a 
few animals, out of a large number grazing in the same field, have 
been affected at all, — yet, after all, when the facts, as well as ex- 
pert opinions, are assembled and harmonized, the strength of the 
whole proof is such that it practically excludes any general cause 
for animal unthriftiness other than arsenical poisoning. 

But, while the conclusion just reached is the only accurate one 
under the evidence, still, it must not be taken that it has been arrived 
at without overruling a strong challenge to every single issue pertaining 
to live stock conditions. To some of these matters, it is proper to 
advert briefly. For instance, it is not to be inferred that the com- 
plainant h as sustained his contention, that the sickne ^ in animals 
has bee n fatal , or that it has been so general through the Deer 
Lodge valley as_ to jnake.jhe raising of live stock either impossible 



or unprofitable in all parts thereof. Complainant called as witnesses 
less than half of the farmers m the farmers' association, whereas 
defendants introduced the testimony of a number of farmers, not mem- 
bers of the association, who have lived for years in the vicinity of the 
smelter, within the so-called "smoke one," and who said that they had 
had no trouble with their stock or crops since 1 903, and that 
their ranches were profitable. Nor can it be doubted that upon 
the cross examination of many of complainant's witnesses, it was 
developed that there has been not a little confusion between live 
stock conditions which existed prior to 1903, and those that have 
existed since. These dates are most material, because, without 
doubt, great damage was done by the smoke before 1903 (partly 
'to remove the cause of which the smelter was remodeled, and the 
high stack built) , and because the gist of the present suit is to 
close the smelter to prevent future damage reasonably certain to 
continue. 

It would appear, too, as showing that the sickness is not fatal, that, 
notwithstanding the somewhat abnormal condition of animal life that 
has existed since 1 903, the i>ercentage of death rate among live stock 
through the valley in 1906, was normal, in that out of about 9,384 
head of cattle and 1 ,632 horses accounted for, the total loss was 54 
cattle and 38 horses. Animals seem to sicken slowly, and often 
fail to show their true condition without careful examination. I As 



apposite to this statement, the student of animal diseases and of 
pathology and toxicology will be especially interested in reading of 
the elaborate experiments made by the experts in the case, and will 
be enlightened by the precision of learning displayed in their testi- 
mony. But it is the whole evidence, lay and expert, practical and 
theoretical, that has led to the finding of arsenical poisoning, as here- 
tofore ascertained. 

A fair conclusion of fact is that there has been exaggeration by 
some of complainant's witnesses of conditions since 1903, and, as 
already indicated, much carelessness of statement in defining injury 
done before and since the new stack was put into use. The evi- 
dence tends to show an improvement in animal conditions in 1906 over 
1905, but exactly why this is so does not appear. It may be that 
there is less stock near to the smelter, and that the animals that were 
I)oisoned in 1903, before the new stack was built, continued to be 
ill through 1904 and 1905, and then recovered, or it may be 
I hat, in 1906, defendants, by the construction of another arsenic 
furnace, or otherwise, took additional measures to eliminate arsenic 
from the flue dust at the smelter, — no satisfactory reason can be 
gathered, and the mere fact that, there was a betterment is left 
standing, not to be overlooked, though, among the things that aid 
in final solution. 

Fortunately, I have been helped to a better understanding of 
much of the testimony in the record, — indeed of the whole case, — 
by a visit of two days to the valley, during which time I rode many 
miles in an automobile in various directions from the smelter. The 
trip was made in August, 1905, in company with the master in 
chancery, counsel for complainant and defendants herein, and one 
or more expert witnesses for the respective litigants. As I had 
asked the several counsel to call my attention to anything they thought 
worthy of particular notice, it is fair to say that I had an excellent 
opportunity to gain a general, though, of course, somewhait super- 
ficial, insight into conditions. Upon the first day, which was bright, 
the smoke from the big stack rose high into the air, and seemed 
to be carried far away, so high that its diffusion would seem to 
have been too general to do injury to any land; but, on the second 
day, the weather was rainy, and the clouds were lower. Th 
smoke then was more dense, and its stream was carried down toward 
the Bliss ranch and southerly, and northerly for a few miles toward 
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the center of the floor of the valley, and was there dissipated. The 
trip impressed one main thing very firmly upon me that neither the 
eye nor the training of an experienced or scientific agriculturalist was 
required to ascertain. It was that the allegation of complainant's bill; 
to the effect that the Deer Lodge valley, and the country adjacent 
to the smelter, is barren and desert like, is grossly inaccurate. It 
is true that the land and vegetation lying within, say, a quarter of a 
mile of the smelter, is visibly affected. But outside of this limited 
area, there was the appearance of healthy natural conditions, of suc- 
cessful cultivation, and of such crop growths as are usually seen 
in the valleys of the state. The harvest was going on; we saw 
hundreds of healthy looking shade and fruit trees about farm houses, 
the grain fields and pastures looked as others in Montana generally 
do during or just after harvest. We walked over a portion of com- 
plainant's place, noticed the fox-tail and inferior quality of the 
grasses growing; and, except for the smoke on the second day, there 
was nothing in the physical appearance of the complainant's farm 
or of the valley that indicated unusual or abnormal conditions. Pro- 
fessor Jones, of Utah, one of the botanical experts representing com- 
plainant, showed me some spots on vegetation just beside the smelter, 
and in gardens upon ranches, and also upon some leaves of trees 
growing on a ranch about ten miles away, which. he said were due to 
smoke. I saw spots also upon apples on the trees at another ranch, 
but there is evidence tending to show that the marks on the fruit 
were due to hail. We saw cattle and horses in the fields, and par- 
ticularly noticed a number of fine looking cows within the pasture 
on complainant's place. My attention was also called to several 
horses that had been driven into a corral at the Staffanson ranch 
for me to see; one or two had sore noses; and one or more seemed 
sick and paralzyed. A witness called by the defendants testified 
concerning these horses as follows: 

"Q. Did you see some horses that were exhibited to Judge Hunt 
that had sore noses on that trip? A. I saw a bunch of horses in 
Mr. Staffanson's corral that they had picked especially, I think, 
for Judge Hunt's benefit, that they showed there, and I saw Dr. 
Cheney point out a black horse that we paid Hi Staffanson the full 
price for as a horse being 'smoked,' when Judge Hunt was wiih us. 
Q. When had the companies paid for that horse? A. They naid 
for it sometime in 1903, paid Staffanson. * * * Q. Was this 
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collection of prize horses the derelicts that had been left over from 
1902 and 1903? A. I know some of them were; there v-as a 
brown mare from Tom Boland's, that we paid Duncan for; that 
was one of the left over horses; and several there from Mr. Stallan- 
son, I could not name them, that had been settled for; they had 
evidently picked every poor horse in the country that they could 
get, and brought to that corral; they did not show any goo J ones, 
though there were some in the stable." 

I also saw a small band of cattle that were at a corral in another 
part of the valley ; a few of them looked unthrifty and as if they had 
not shed their winter coats. 

The purely equitable defenses next demand attention. To par- 
ticularize some facts: When the site of the old works was chosen, 
the land now occupied by the city of Anaconda was vacant and 
unoccupied, but at the time of the commencement of the construc- 
tion, and the employment of many persons in the construction work, 
community was established, and in time the city of Anaconda has 
grown until it now has a population of about twelve thousand. This 
city owes its growth and prosperity to the conduct of the smelting 
business at the Washoe smelter, and its population is dependent for 
subsistence, directly or indirectly, upon the continued operation of the 
smelter. It is a well built city, where many people have made 
homes for themselves ; has a superior class of business buildings ; and 
had an assessed valuation in 1 906 of three million, three hundred 
thousand dollars. The people living there have made their invest- 
ments, believing that the smelting works would continue to operate, 
and, as would be natural, the products of the Deer Lodge valley, — 
hay, vegetables, garden truck, grain, alfalfa live stock and other 
farm products, — have generally found ready market at good prices 
in Anaconda. In 1905, though, there were some complaints made 
against Deer Lodge valley hay, and sales were not as ready as they 
would have been, had buyers not believed the hay was "smoked" ; 
but in 1906, there was quick sale for it all at current market prices. 

It is proven that even if the defendants could find a more suitable 
location for the smelter, in order to avail themselves of it, a new 
railroad track system would have to be built to convey the ores 
from the mines at Butte, and in the construction of new works, which 
would take five years to build, the salvage from the. present plant 
would not be worth more than a million dollars. Furthermore, the 
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natural advantages for a smelting plant, on account of the favorable 
grades from the mines at Butte to the Washoe smelter, and on 
account of the water and lime rock, and other facilities necessary 
in the economical and profitable operation of a smelting plant, could 
not be found elsewhere, and, as a result, transportation cost would 
be increased, and mining of a very large percentage of the ores now 
treated at the Washoe smelter could not be successfully carried on. 
No known site exists in Montana where the operations of the Washoe 
smelter can be carried on with less damage and inconvenience to sur- 
rounding property and inhabitantss than the present site. 

As further evidence of the importance of the defendant's works to 
the communities of the state, it is proven that the total assessed 
valuation of the property in Deer Lodge County, within which Ana- 
conda is situated, in 1904, was $8,120,826.00; that of such amount 
$4,058,573.00 was assessed against the property of the defend- 
ants ; that from 1 902 to 1 906, the defendants have paid more than 
5 1 per cent of the total taxes of the county ; and that if an in- 
junction were to be issued, as prayed for, the property of the de- 
fendants would be practically valueless, and necessarily there would 
be such a reduction in the assessable property within the county as to 
make it impracticable to continue the county organization of Deer 
Lodge County. 

To show the great harm that would be done by the closing 
of the smelter, it is also established that Buite, with a present 
population of over 70,000, has grown within the last thirty years 
from a mining camp, because of the development of the copper 
mines, many of which belong to and are operated by the defendants 
herein. Practically the whole population of Butte depends upon the 
continued operation of the copper mines, and about two-thirds of 
all of the ores mined at Butte are treated and reduced at the 
Washoe smelter. 

The effect of stopping the works at Anaconda would be to de- 
prive Silver Bow County, wherein Butte is situated, of about thirty 
per cent of the total taxes collected, and, as a consequence, there 
would be a great depreciation in the value of all property in that 
county, which is now subject to assessment, and that, because of 
the revenues paid to the state by the counties of Silver Bow and Deer 
Lodge, the income of the siate would be iriaterially affected. 

It is in evidence also that the defendants use vast quantities of coal, 
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coke and lumber, which are suppHed from points within Montana, 
other than Butte and Anaconda, and that in supplying them, em- 
ployment to a large percentage of the population is furnished; that 
during 1906, there were 4,548 men employed in the mines which 
furnished ore to the Washoe smelter, and that in the same year, 
there were about 2,500 men employed in the reduction works; that 
the railroads operating within Montana derive their earnings largely 
from the freight handled in connection with the operations of the 
defendant companies ; and that, in the first six months of 1 906, the 
defendant companies paid to the men employed directly by them, 
including the money paid out by the companies which ship ores for 
treatment to the Washoe smelter, over $5,000,000.00; that ths 
railroad freight paid during the first six months of 1906 exceeded 
$1,400,000.00; and that the defendant companies paid out for 
material, largely furnished from different points within Montana, 
and elsewhere, yearly amounts of about four million dollars. 

As further evidence of the magnitude of the interests involved, 
it appears that the defendants' works, since 1 902, have expended 
over $7,000,000.00 in labor, over $4,000,000.00 foi coal, over 
$4,000,000.00 for coke, over $740,000.00 for lime rock, over 
$1,300,000.00 for machinery, and over $53,000.00 for lumber; that 
up to June 30, 1 906, the ores treated at the Washoe smelter yielded 
over 590,000,000 pounds of copper, over 25,000,000 ounces of 
silver, and over 1 64,000 ounces of gold"; and that annually, from 
1 7 to 20 per cent of the supply of copper in the United States has 
been produced by the Washoe smelter. 



It now remains for me to apply to all these facts as stated, principles 
of real justice. 

Speaking precisely, there is but one record party complainant, and 
two defendants, whose rights can legally be adjudicated by any 
decree herein. As a single complainant, Mr. Bliss is not suing 
on behalf of himself and others similarly situated, but rehes upon a 
right to injunction as a consequence of his proof of public nuisance, 
and of the showing that it has been of special injury to himself. 
The evidence of the effects of the smelter smoke upon others be- 
sides Mr. Bliss is relevant, but its purpose is to show that the 
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smelter interferes with the comfortable enjoyment of property of 
an entire neighborhood; while the evidence of the individual dam- 
age that Bliss has sustained, and is still sustaining, and will sustain, 
is material in fixing his staius as a private party who can maintain the 
bill. In this sense he can be said to act in behalf of others who 
may be injured. 

Mississippi & Missouri R. R. Co. v. Ward, 2 Black 492. 

The case, however, has in fact so obvious a bearing upon the in- 
terests of many others who live in the Deer Lodge valley near to the 
Washoe smelter, that complainant was expressing the general situa- 
tion when he testified that he had become the instrument through 
which a test case is being tried between die farmers and the smelting 
company. 

There is this feature in the concrete case:/ Bliss will not be driven 
from his home if the operation of the smelter is not enjoined, for 
he never has made his home on his land, and never inlands to, — 
that is to say, there is no sentimental concern involved; there is 
not and will not be personal inconvenience or physical discomfort, or 
eVen annoyance, to him or his family on account of the smelter 
fumes. To him, the special damage which he has suffered or will 
suffer is an absolute piecuniary matter. Of such as he has suffered 
in the past, there could be exact ascertainment, and, for recovery 
thereof, there appears to be no reason why he cannot bring his 
action at law with trial before a jury, and obtain a verdict and 
judgment. / But he says it is unjust that, as an injured party, he 
should be compelled to try actions at law to recover for his special 
injuries, because they will be repeated for an indefinita period, or 
are continuous in character; in fact, he goes farther and insists 
with earnestness that to prevent future injury, his on/i; effective rem- 
edy is by resort to a court of equity, and that there is no alternative 
to injunction, which will forbid defendants from operating the Washoe 
smelter. 

Although he alleged in his amended bill that he could show 
that the poisonous substances emitted from the smelter could be 
precipitated and impounded at the smelter with very little extra cost 
to the defendants, he offered no proof, whatsoever, to support the 
allegation, but chose to put himself on the ground that injunction 
must issue, which will stop the works and prevent the treatment of 
the only ores that defendants now smelt. Thus, taking his attitude as 
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the criterion for the fixing of his right, we are confronted directly 
with the underlying question whether injunction must issue without 
regard to all the circumstances existing in the particular case. 

I need not dwell on the question of power, for it is too well estab- 
lished that, from an ancient date, with regard to nuisance, courts of 
equity have jurisdiction, based upon the reasonable certainty of irre- 
parable mischief, that sort of material injury by one to the comfort 
of another, which requires the application of a power to prevent, as 
well as to remedy, the evil ; (Jeremy's Equity Jurisdiction, Sec. 310; 
Danieli's Chancery Pleading and Practice, Sixth Edition, Sec. 1 636) ; 
but will pass to the point of close bearing upon the original ques- 
tion, that of discretion where injury of the character proved in this 
case is threatened to be continued. 

In my opinion, where there is presented a conflict of rights, it 
is the duty of a court of equity, in protecting those of the com- 
plainant, to consider those of the defendant, and, in doing so, it 
may consider also the injuries that may result to others by issuing 
the writ of injunction. 

Put broadly, then, the proposition is this: The writ of injunction 
is not ex debito justitiae for any injury threatened or done to land 
or rights of a person, but the granting of it must always resl: in 
sound discretion, governed by the nature of the case. To sustain 
this rule, I need refer to but a few cases. In Parker v. Winni- 
piseogee Lake Cotton & Woolen Company, 67 U. S. 545, the 
Supreme Court held that, although the right of a complainant has 
been established at law, a court of chancery wi:l not "as of course" 
interpose by injunction, but will consider all the circumsiancas, the 
consequences of such action, and the real equity of the case. A 
comparison of injury with the damage which would result by in- 
junction was made by the Court in Atchison v Peterson, 87 U. S. 
507. And again, in Osborne v. Missouri Pacific Railway Co., 
147 U. S. 248, the Court recognized a distinction between the 
instance of an actual invasion of private rights which might be 
assumed to be essentially irremediable, and one where there is no 
direct physical taking of the estate itself, in whole or in part, but 
the infliction of damage in respect to the complete enjoyment of the 
estate, and implied that probably injunctive relief would be awarded 
ex debito justitiae in the one ca5e, while the court would decline to 
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interfere in the other. And again, in the Debs case, 158 U. S. 
564, the Court refers to the frequency of suits where the necessity 
for the exercise of equiiy jurisdiction of public nuisance has depended 
upon the circumstances of the particular case, and, speaking through 
Justice Brewer, remarks: "Of cour?e, circumstances may exist in 
one case, which do not in another, to induce the court to interfere 
or refuse to interfere by injunction, but the jurisdiction, the power 
to interfere, exists in all cases of nuisance." In New York City 
.. Pine, 185 U. S. 93, the Supreme Court held that there was no 
absolute right to an injunction; and they so held in Kansas v. Colo- 
rado, 206 U. S. 46, notwithstanding the finding that "perceptible 
injury" was done by diminution of streams in Colorado to por- 
tions of the lands belonging to the state of Kansas. "It canno: 
be denied," said the Court, "in view of all the testimony, that the 
diminution of the flow of water in the river by the irrigation of 
Colorado has worked some detriment to the southwestern part of 
Kansas, and yet when we compare the amount of this detriment 
with the great benefit which has obviously resulted to the counties 
in Colorado, it would seem that equality of right and equity between 
the two states forbids any interference with the present withdrawal 
of water in Colorado for purposes of irrigation." 

A like general rule was clearly recognized in the case of Georgia 
v. Tennessee Copper Company, 206 U. S. 230. Indeed, the court 
there prefaces its observations as. to the peculiarities that mark a 
'suit where a state in its capacity of quasi-sovereignty sues for in- 
junction against citizens of another state, and says that if the state 
has a case at all, it is somewhat more certainly entitled to specific 
relief than a private party might be, and thereafter observes: "This 
court has not quite the same freedom to balance the harm that will 
be done by an injunction against that of which the plaintiff com- 
plains, that it would have in deciding between two subjects of a 
single political power. Without excluding the considerations that 
equity always takes into account, we cannot give the weight that 
was given them in argument to a comparison between the damag:: 
threatened to the plaintiff and the calamity of a possible stop to 
the defendants' business, the question of health, the character of 
the forests as a first or a second growth, the commercial possibility 
or imfxjssibility of reducing the fumes to sulphuric acid, the special 
adaptation of the business to the place." Comparison of injury was 
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held proper, too, in Dunn v. Lumbermen's Credit Assn., 209 U. 
S. 20. 

Additional authority, directly pertinent, is found in Mountain 
Copper Company v. United States, 142 Fed. 625, where the court 
of appeals of the ninth circuit decided that an injunction would or 
would not be issued as the exercise of sound discretion warranted, 
guided always by certain established rules which meant a consid- 
eration of all the circumstances of each case. And in the very 
recent case of McCarthy v. Bunker Hill & Sullivan Mining & C. Co., 
164 Fed. 927, decided since the Supreme Court decisions in Kan- 
sas V. Colorado and Georgia v. Tennessee Copper Company, aupra, 
after a very careful investigation and consideration of the importance 
of the principle involved, the court of appeals for this, the ninth 
circuit, re-affirmed the rule established in Mountain Copper Company 
v. United States, supra. Judge Ross saying: "To an injunction, how- 
ever, even on final hearing, no one has an absolute and unqualified 
right. Such an application appeals to the conscience of the chan- 
cellor, to the exercise of a wise and sound discretion, and should be 
granted or withheld according to the equities of the case as made 
to appear by the record. Each case must be considered and made 
to depend upon its own particular facts and circumstances, in the 
consideration and determination of which the general rules governing 
courts of equity are to be borne in mind and applied. * * * Nor 
should an injunction be granted in any case where it will necessarily 
operate contrary to the real justice of the case. Furthermore, where, 
as in the present case, it is sought to enjoin a lawful business the 
court should give due consideration to the comparative injury which 
will result from the granting or refusal of the injunction sought." 
Among the leading cases quite like that at bar, which sustain the 
proposition as heretofore laid down, is Madison v. Copper Company, 
1 1 3 Tennessee 335 ; while of those which are relied upon as holding 
to a different doctrine, American Smelting & Refining Co. v. God- 
frey, 158 Fed. 225, is undoubtedly the most important. The facts 
in that case made a much stronger showing for injunction than in 
this. There, four hundred and nine farmers, who lived upon their 
land's as their homes, joined in the bill as complainants, asking in- 
junction against certain copper smelting companies in Salt Lake 
County, Utah. The fact was that the operation of the smelters 
resulted in very great damage to, if not the total destruction of, 

34 



complainants' property, and the fumes were impairing or injuring the 
health of those living upon their farms. Under such conditions, the 
rule which permits a balancing of injuries and benefits, or of com- 
parative convenience or inconvenience, was held to be no avail to de- 
fendants, and, hence, injunction in a modified form issued. The 
case may, therefore, on its facts, be distinguished from the one under 
investigation. But if the learned court intended to lay down as a 
principle that when there has been any invasion of right, even by 
one in the conduct of a business lawful in itself, there can be no 
consideration of comparative losses and benefits, and of circumstances 
of consequence to defendant and to others in issuing the writ of 
injunction, then the decision is not in harmony with the cases of 
Mountain Cc^per Co. v. United States, supra, and McCarthy v. 
Bunker Hill & Sullivan Mining & C. Co., supra, decided by the court 
of appeals of this, the ninth circuit. But the decision in the Utah 
case must be taken with its special facts. I repeat, too, that the 
rule of the McCarthy case, supra, was established after the decisions 
of the Supreme Court in Kansas v. Colorado, supra, and Georgia v. 
Tennessee Copper Company, supra, to neither of which cases does the 
opinion in American Smelting & Refining Company v. Godfrey, 
supra, refer. Believing, then, as I do, that the doctrine of the 
McCarthy case accords with the principles of equity, as ex- 
pounded by the Supreme Court in its most recent expressions, it be- 
comes authority for this court. A clearly announced reason for the 
general rule is Story's statement: "That Courts of Equity constant- 
ly decline to lay down any rule which shall limit their power and dis- 
cretion as to the particular cases in which such injunctions shall be 
grantied or withheld. And there is wisdom in this course; for it 
is impossible to foresee all the exigencies of society which may re- 
quire their aid and assistance to protect rights or redress wrongs. 
The jurisdiction of these courts thus operating by way of special 
injunction is manifestly indispensible for the purpose of social justice 
in a great variety of cases, and therefore should be fostered and 
upheld by a steady confidence. At the same time, it must be admit- 
ted that the exercise of it is attended with no small danger, both 
from its summary nature and its liability to abuse. It ought, there- 
fore, to be guarded with extreme caution, and applied only in very 
clear cases; otherwise, instead of becoming an instrument to promote 
the public as well as private welfare, it may become a means of 
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extensive and perhaps of irreparable injustice." Story's Equity 
Jurisprudence, Sec. 959 b. 

The discussion next easily leads me to inquire how this judicial 
discretion should be used: No one would contend, for instance, that 
a discretion would be well exercised which would withhold injunc- 
tion at the request of one injured, against one conducting a business 
in itself unlawful, no matter how vast were his interests, or what 
the consequences might be; nor would the exercise of a discretion be 
Sanctioned which would refuse to abate a nuisance solely because the 
business, out of which the nuisance has arisen, is lawful and ex- 
tensive, while the right of the person wronged is insignificant, or his 
estate humble, for this would be abuse. And the writ would be 
equally unwisely issued on the petition of one who, no matter how 
weak he might be, has sought it to extort his own terms, from an in- 
dividual or corporation, by way of damages for his property; or, 
stated more comprehensively, in its scope the principle is that the 
courts should not issue the writ in any case where its operation is 
really oppressive and destructive of a lawful occupation, and where 
its issuance would work vastly more harm to a defendant and many 
others than it would benefit the complainant. Judge GDoley, in 
Edwards v. Allouez Mining Co., 38 Michigan, 301, said: "An 
injunction is not a process to be lightly ordered in any case. Where 
the effect will be to present to the owners of a valuable mill the al- 
ternative either to purchase complainant's lands at his own price 
or to sacrifice their property, any court having the power to order 
it ought very carefully to scrutinize the case and make sure that 
equity requires it. In theory its purpose is to prevent irreparable 
mischief; it stays an evil, tJie consequences of which could not 
adequately be compensated if it were suffered to go on. * * * 
"There is no power," says Mr. Justice Baldwin, "the exercise of 
which is more delicate, which requires greater caution, deliberation 
and sound discretion, or is more dangerous in a doubtful case than the 
issuing of an injunction. It is the strong arm of equity, that never 
ought to be extended unless to cases of great injury where courts of 
law cannot afford an adequate or commensurate remedy in damages.' 
Bonaparte v. Camden, etc., R. R. Co., Bald. 218. All the cases 
referred to show that the court looks beyond the actual injury to 
contemplate the consequence*, and however palpable may be the 
wrong, it will still balance the inconveniences of awarding or denying 
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the writ, and adjudge as these may incline the judicial mind. Grey 
V. Ohio. etc.. R. R. Co.. 1 Grant 412; Varney v. Pope. 60 
Me. 1 92 ; Bosky v. M'Kim, 7 Har. & J. 468. Even in the case of 
a palpable violation of a public right to the annoyance of an indi- 
vidual, he must show the equity which requires this summary inter- 
ference as the only adequate means of obtaining justice. Sparhawk 
V. Union Passenger Railway Co. 54 Penn. St. 401." 

Fundamental and inexorable in its equality is the law that no 
person can have more rights than his neighbor, because fortune has 
so shaped conditions that the one owns more money or land or 
chattels than the other. 

But when there are two citizens, each of whom is engaged in a 
lawful business, one in mining, the other in farming, and there comes 
a conflict where neither can enjoy his own property without interfering 
to some extent with his neighbor in the enjoyment of his. then it is 
that the problem is presented how to fix the rights of each so as to 
secure to each the largest measure of liberty possible under all the 
circumstances of the particular case. Then it is that the court should 
so frame its decree as to avoid the destruction of the rights of either. 
In the western states, questions of such a nature often arise with 
respect to the uses of the waters of' the streams where placer and 
quartz miners have to pollute the water to some extent before it 
flows down to the ranchmen to be used by them in irrigation of the 
valley below; but the courts have solved them without compelling 
either to suffer irreparable damage, although, in the solution, each 
has had to suffer a certain amount of inconvenience, and perhaps 
recurring damage. Equitable arrangements may often be made 
when we recognize the principle that, as a philosophic condition of 
the complexities of society, to some degree men must yield the full 
enjoyment of certain individual rights. 

We therefore inquire: Can both industrial and agricultural wel- 
fare be preserved under the exigencies of the whole case before us? 
If they may. the court will meet the situation by evolving a rule of 
conduct whereby both can exist together. The maxim, one must so 
use his rights as not to infringe upon the rights of another must 
be upheld by preserving the absolute right to recover judgment for 
damages wherever substantial injury is shown, but there is no iif- 
consistency between this principle and that which makes the writ of 
injunction a matter for the sound discretion of the court. 
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In reflection upon the intricacies of the suit, I cannot overlook the 
historical fact that Congress, through its beneficient legislation, invited 
the exploitation of the Rocky Mountains by prospectors for the 
precious metals, and that, as a result of the value and extent of the 
mines discovered in this and other mining states, population has in- 
creased, labor has been in demand, cities have been built, business 
has expanded, commerce has thrived, transportation facilities have 
changed and improved. What was a wilderness less than half a ;?;'.■ 
tury ago has, principally through the development of mineral wealth, 
become a scene of energy and restless activity. With the miners 
there camle ranchmen, who went into the valleys to raise produce and 
live stock; so that, gradually, along with the mineral development has 
come a large measure of agricultural prosperity. Not many years 
since, under the progress of scientific learning, processes for the treat- 
ment of the lower grades of ore were discovered; mills to extract 
the metals became features of economical mining; and, in time, super- 
seding the more primitive forms of reducing ores, smelting became 
practicable, and was only made available within Montana by the 
investment of large capital in industrial plants. In this forward 
movement defendants joined by the erection of their smelter, and it 
is a demonstrated fact that in its extensive ramifications, the Washoe 
smelter and its opjeration have been a significant force toward the 
material development and upbuilding of the state, of Montana, in- 
cluding the valley where complainant's lands are situated. Of course, 
the business of copper smelting, like that of farming, is in itself 
lawful, though, in its conduct, some injury to others in the immediate 
vicinity of the smelter would seem to be unavoidable because of the 
arsenic in the smoke. 

The result of testing the rights of Mr. Bliss, apart from his con- 
nection with the farmers' association, is this: That he could go into 
court of law and recover ample compensation for his losses of 1905, 
1906, 1907 and 1908, and up to the time of a verdict, no matter 
how great his damage might be. If he there recovered substantial 
damage for injury done him by the acts of the defendants, thus hav- 
ing separated thte damages so done to his premises from those which 
are due to his own neglect, and thereafter should make a fit case 
to be followed by such an injunction as he prays for, the injunction 
would be in time to arrest the further progress of mischief. And I 
doubt if a ruling accordingly would be unjust in itself, while it would 
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have highly valued precedent, for the Lord Justices of England in 
Salvin V. North Brancepeth Coal Co., IX Chancery Appeals 705, 
made such an order in a suit where plaintiff sought a writ on the 
ground of smoke nuisance, to stop a large commercial work. Or, 
when we go to the farthest extent in treating this suit as really one 
which includes as quasi parties the farmers in the association, we 
still find that it might not be harsh to deny him any equitable relief 
herein, inasmuch as he refused to consider an offer of purchase of 
his place, not because the offer would not have afforded him com- 
plete satisfaction (for presumably it would), but becausa he had 
surrendered the control of his own affair to the farmers' association, 
and thus aligned himself with them in carrying out their threat that 
they would enforce their rights in equity unless defendants bought 
their lands and property outright for full values (which were the 
sums they deemed the measure of their damages), and unless such 
purchase was consummated by payments of such values in cash 
within sixty days after demand, and that, too, without according to 
defendants the privilege of having possible counter proposition enter- 
tained. So, from the viewpoint of the relation of the farmers' asso- 
ciation toward the defendants, a court of equity should be very reluc- 
tant to put defendants in the position the association would put 
them in. In this respect, the case finds some analogy with that of 
New York City v. Pine, supra, where injunction was sought, to re- 
strain the city of New York from maintaining a dam on a river, 
and diverting the waters thereof from their natural flow through the 
farm of plaintiffs. The dam as completed damaged the property of 
plaintiffs in a substantial sum. Injunction was issued, but ordered 
dissolved by the Supreme Court. Among other things, the Court 
said: "It is true the testimony discloses that the plaintiffs and the 
city had been trying to agree upon the amount of compensation, but 
that shows that the plaintiffs were seeking compensation for the in- 
juries they would sustain, and were not insisting upon their alleged 
right to an abandonment of the work. It is one thing to state a 
right and proffer a waiver thereof for compensation and an entire'y 
different thing to state the same right and demand that it should be 
respected. In the latter case the defendant acts at his peril. In 
the former he may well assume that payment of a just compensation 
will be accepted in lieu of the right. In the latter the plaintiff holds 
out 'the single question of the validity and extent of the right ; in the 
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former he presents the right as the foundation for a claim for com- 
pensation, and his threat to enforce the right if compensation is not 
made is simply a club to compel payment of the sum he deems 
the measure of his damages. * * * If this injunction is per- 
mitted to stand, the city must pay whatever the plaintiffs see fit 
to demand, however extortionate that demand may be, or else 
abandon the work and loss the money it has expended. While we 
do not mean to intimate that the plaintiffs would make an extor- 
tionate demand, we do hold that equity will not place them in a posi- 
tion where they can enforce one.' 
/ Finally, in the last analysis, when, in connection with the 
attitude of Mr. Bliss, direct and vicarious, we weigh the uncer- 
tainty of his proof as to the amount of past damages done to his 
land, or of fu';ure damages to be done to his pastures by the acts 
of these defendants, together with the fact that he has not resorted to 
a court of law to recover any damages at all, and balance these 
matters against the stern fact that if defendants are enjoined as 
prayed for, they must either buy the lands of the farmers at their 
own prices, or sacrifice their property; that, if enjoined as prayed 
for, their smelter must close; that if it does close, their business 
and great property will be practically ruined ; that a major part of 
the sulphide copper ores of Butte cannot be treated elsewhere within 
this state; that thousands of defendants' employes will have to be 
discharged; that the cities of Anaconda and Butte will be injured 
irreparably by the general effect upon internal commerce and busi- 
ness of all kinds; that professional men, banks, business men, working 
people, hotels, stores and railroads will be so vitally affected as to 
cause unprecedented depression in the most populous part of the 
state; that the county government of one county of the state may 
not be able to exist; that the farmers of the valleys adjacent to Butte 
and Anaconda will not have nearly as good markets as they have 
enjoyed; that the industry of smelting copper sulphide ores will be 
driven from the state; and that values of many kinds of property 
will either be practically destroyed or seriously injured, — remem- 
bering always, that the courts of law are open to Mr. Bliss, — I hold 
that, under the evidence, as he has submitted his case, discretion, 
wisely, imperatively guided, by the spirit of justice, does not demand . 
that injunction, as prayed for, should issue. ) 

It does not necessarily follow, however, that his bill should be 
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dismissed. This has been a Htigation of over-much expense. Its 
consequences are of interest to many people, and, keeping in mind 
the essential fact that animal health is being affected, if there can be 
any reasonable preventive remedy applied by a court of equity, every 
larger consideration demands that it should be; that is to say, notwith- 
standing the denial of the writ, as prayed for, if a measure of relief 
less than that which complainant has proved he is entitled to can be 
awarded to him, he should have it by some form of judicial order. 
Equity, having jurisdiction of the parties and the subject matter, will 
therefore, retain the bill, in diligent effort to afford all the relief 
reasonably possible under its allegations. Where the defendant has 
a clear ultimate right to do the act sought to be enjoined upon certain 
possible conditions, the courts will endeavor to adjust their orders 
so on the one hand as to give to the complainant the substantial benefit 
of such conditions, while not restraining the defendant from the 
exercise of- its ultimate rights. 

I am always deeply sensible, too, how especially important it is, 
in the practical preservation of the equality of the law, that when 
a man of limited means seeks relief against a corporation or individual 
of very great wealth, his property rights must be protected with 
scrupulous care against threatened or continuing unlawful encroach- 
ii^ents, without unnecessarily forcing him into litigation so expensive 
or protracted that it often means impoverishment or denial of sub- 
stantial justice. Let it not be understood that, in saying this, I mean 
to imply that defendants herein have assumed any unfair attitude 
toward Mr. Bliss or others in the Deer Lodge valley; on the con- 
trary, as the case is submitted, it appears that they were ready 
to treat with him and other land owners, and were willing to buy 
his land, and consider claims of injury, but their advances were 
checked by Mr. Bliss' refusal to sell, and by the ultimatum of 
March 4, 1905, from the association. Nevertheless, the court will 
not peremptorily turn the complainant away, but will use its power, 
already invoked in this suit, to give him such relief as may be 
reasonably possible, without destroying defendants' business. But, 
for lack of information, the court can now make no such specific order 
as will be just to both sides. However, after a study of the evidence 
of Mr. Mathewson, superintendent of the Washoe smelter, I take it 
upon myself as a chancellor to say that I am not satisfied that the 
construction of additional arsenic furnaces will not help the situation, 
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or that there may not be some system of spraying the smoke and 
cooling the gases which will aid in settling flue dust, or that a greater 
width and height to the chambers may not be effective aids, or that a 
further system of filters may not be devised, or that briquetting flue 
dust may not be of help, or that an arrangement of bags may not be 
made, or other means applied, perhaps discovered since this suit was 
instituted, which will materially reduce the quantities of escaping 
arsenic. I therefore think the more equitable course to pursue is to 
call for further evidence, with respect to the subject of adopting 
other or additional means to prevent the release of arsenic, to the 
end that I may be more fully advised in the premises before making 
final disposition of the case. 

Therefore, the order in the case is thai the injunction, as prayed 
for, is denied ; but the bill is retained for the purpose of enabling the 
court to receive further testimony as to possible means of so treating 
the flue dust as to reduce the quantities of arsenic now suffered to be 
released from the stack, and thereafter, making any such specific order 
as may be equitable and right. 

As it is important that the matter be disposed of before spring, 
the court will set the hearing of further evidence for Monday, Feb- 
ruary 1 5th, at ten o'clock A. M., and hereby directs that a sub- 
poena be issued for Mr. Mathewson, requiring him to appear an<} 
testify at that time. Complainant and defendants may produce 
any witnesses they please, to testify upon the point stated, and the 
court reserves the right to call for others. 

Counsel for complainant and defendants will be notified of this or- 
der, and are requested to be present on the 1 5th of February to 
aid in the investigation, and in suggesting such further orders of court 
as may be justified. Costs to abide final order. 

January 25, 1909. 
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